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CENOZOIC MAMMAL HORIZONS OF 
WESTERN NORTH AMERICA. 



By IIenhy Fairfield Osborn. 



INTRODUCTION. 

FORMATIONS AND ZONES. 

The main purpose of this paper is faunistic rather than geologic. 
Many of the geologic "groups" and "formations" referred to are 
still imperfectly defined and known, either as to geographic extent or 
fts to lithologic content. Many of the geologic tenns used are there- 
fore not to be regarded as final. It should be clearly understood 
also that the geologic sections are lai^ely diagranunatic and in most 
cases are not to be interpreted as giving a clue to the lithologic content. 

LIFE ZONES. 

It is proposed, according to the ruling of the International Geo- 
logical Congress and the old practice of invertebrate paleontologists, 
to use the wortl "zone" for the faunistic levels of such geologic forma- 
tions or groups as may be synchronized by the presence of certain 
<listinctive animals. Thus we may speak of the Vinlaiherium zone 
of the upper Bridger formation or of the lower "Washakie." The 
word "beds," previously used in the same sense, is liable to cause 
confusion because it is used also for formations. 

GEOLOGIC FORMATIONS. 

A "formation" has been defined as follows by the United States 
Geological Survey; 

In all classes of rocks the cart(^mphic uniu shall be called formations. 

The dtscrimiiiation of sedimentary fonuations shall be based upon the local 
sequeoce of the rocks * * * and the geologist must select for the limitation of 
formations such horizons of change as will best express the geologic development 
and structure of the region and will give to the formations the greatest practical unity 
of constitution. In determining this unity of constitution all available linea of evi- 
dence, including pateoul«l<^y, shall be considered. Each formation shall contain 
between its upper and lower limits cither rocks of uniform character or rocks more 
or leas uniformly varied in character as, for example, a rapid alternation of shale and 
limestone. * * * The definition of a fonnation * * * should include a 
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statement ol the important fact? which led to i|j> discrimination and of the charac- 
teristics by which it may be identified in the field, whether by geologist or layman. 

Ah uniform conditions of deposition were local as welt as temporary, it is to be 
sHsumed that each fonnation is limited in horizontal extent. The formation should 
be recognized and should be called by the same name as far as it can be traced and 
identified by means of its litholc^ic character, ilH stratigraphic association, and it^ 
contained fossils. 

The Survey has a committee on geologic names, which considers 
all questions of nomenclature that are raised by every paper offered 
for publication. The matter now stands as follows: 

1 . According to the ruling of the Survey all formations shall receive 
geographic names. 

2. The necessity for this rule is demonstrated in the present review, 
because no two formations are found which are altogether coincident 
in time, although they may partlj* or very lar^lj' overlap in time. 

3. Both formation and faunistic names are more or less subject to 
the law of priority of definition; but it is considered desirable by the 
committee on geologic names that certain names which are appro- 
priate and have become well established in the literature should be 
retained, although their meanings maybe preoccupied technically by 
other names which have not come into such general use. 

CORRELATION. 

The correlation of the Tertiary mammal horizons of western Xorth 
America with those of Europe has engaged the attention especially 
of Cope (1879, 1884), Scott (1887), Clark (1891, 1896), Dall (1896, 
1897), and Osborn (1897, 1898, 1900). As exact correlation appeared 
to be an essential for the writer's phylogenetic studies of the rhinoc- 
eroses and other groups, he published in 1897 a "Trial sheet of the 
typical and homotaxial horizons of Europe" as the basis of coopera- 
tion with various European geologists. Their kind criticisms and 
corrections were embodied in a "Second trial sheet" (1898) and in a 
"Third trial sheet" (1900). 

In the years 1899 and 1900 the writer gave two addresses" before 
the New York Academy of Sciences, entitled "Correlation between 
Tertiary mammal horizons of Europe and America" and "Faunal 
relations of Europe and America during the Tertiary period and 
theory of the successive invasions of an African fauna into Europe." 
In 1899 Dr. W. D. Matthew published "A provisional classification of 
the fresh-water Tertiary of the West."* In June, 1905, there began 
in the Comptes Rendus a series of papers by Prof. Charles Dep^ret, 

a Osbom, n. F., Correlation between Temary mttmmal horizons ol Euiope and .Vmeiica; ita Introduc- 
tion to ttie more exact investigation of Tertiary eoogeography; preliminary study, wltli third trial 
aSeet: Ann. New York Ai»d. Sci., vol. 13, No. 1, July 21, ISOtt, pp. l~M. 

Osborn, II. F., Corr^tlon des borlzons de maimnllAreB tertlatrea en Europe et en Am^lque: Compt. 
Bend. »• Cong. gioL Intern.. 1900, pp. S57-3B3. 

»fiull. Am. U(U. Nat. Hlat., vol. SI, 1S», pp. lO-lS. 
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entitled "L'^volution des mammif^res tertiaires, m^thodes et prin- 
cipes, importance dea migrations,"" covering with fullness and pre- 
cision the same subject of the Tertiary mammal succession of Europe 
and the migrations between the continents of Eurasia, North America, 
and Africa. For reasons fully set forth in the writer's correlation 
paper of 1899, ho has adopted the faunistic subdivisions of France as 
classified by Dep^ret. 

Taking renewed advantage of Professor Dep6ret's research and 
availing himself of the able cooperation of Doctor Matthew, the 
writer now outlines the methods and data of Tertiary correlation of the 
continental mountain and plains regions, and again treats the subject 
of migrations and American and European parallels from the stand- 
point of the remarkable American succession, which is now without 
a gap except in the Pliocene. The Pacific coast and Atlantic coast 
Tertiaries are not included in this review. 

Many of the ideas are developments of those first expressed in the 
writer's correlation addresses above referred to and in his other ad- 
dresses: "Rise of the Mammalia in North America" (1893),* and 
"Ten years' progress in mammalian paleontology" (1903).'' A 
preliminary abstract of the present paper was published by permis- 
sion of Director Walcott in March, 1907.'' 

HORIZONS 

The following bibliography contains only the most significant 
papers ; 

RECENT BIBLIOGRAPHY AND FORMATION NAMES. 

Weeks, F. B. Bibliography of North American geol<^y, paleontology, petrology, 
and mineralogy for the years 1892-1900, inclueive. V. S. Geol. Survey, 
Bulla. Nofl. 188, 189, 1902. 

North American geolt^c formation names. Bibliography, synonymy, and 

distribution, U. S. Geol. Survey Bull. No. 191, 1902. 

Bibliography and index of North American geolc^y, paleontolt^y, petrology. 

and mineraltgy for the years 1901-1905, inclusive. U. S. Geol. Survey, 
Bull. No. 301, 1906. 

QENBRAL CORRELATION Or TERTIARY HORIZONS. 

CiARK, W. B. Correlation papers — Eocene. The Eocene of the United States. 
Ij. S. Geol. Survey, Bull. No. 83, 1891, pp. 9-159. 

Eocene of the .Atlantic eoaat, Gulf StaUs, FaclOc coaat; hlstorleai aketfh ol the Eocene 
ot the Interior. Table showhig relative position ol Interior Eooene depoalts. Uup. 
Eitenalve bltillographj-, 

<• L'^volutlon de: nujnmlRie: IsrtUires. [1] U^thodea et princlpea: Compt. Bend. AcaA. Scl. Paris, 
vol. l«>(Juiw5,I905),p. IfilT. (SJRjponsesuiobseiratlonsdeH, Bouje: Idem, vol. 141 (July 3, I90SI, 
p.H. [3]Importanc«deBiiil£ratlons: Idem, Tol.IU (NoT.e, 1905),p.7IH. [4] Importance des mlgia' 
tlons: Idem, vol. 142 (Mar. 12, 1906), p. 818. 

'Proe.AiQ. Assoc.AdT.Scl., 18B4,pp. ISS-277, Am. Jour. Sol., 3d aer., vol. 46, 1893. pp. 379-392, 448-446. 

•^Compt. Rend, e* Cong, intern, de zoologie, 1904, pp. g«-II3. 

4Tertlarr mammal horWona of North Amerlcat BUI. Am. Mus. Nat.Hlst., vol. 23, art. 11. Maroh 30, 
190T, pp. 237-253. 
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Cope, E. D. The relationa of the horizons of extinct Vertebrata of Europe and North 
America. U. S, Geol. andGeog. Survey Terr., BuU., vol. 5, No. 1. 1879. 
CorrelstloD ol Ueeoioie and Cenouib; horluiDs of Europe aad North America. 

- ■ ■ The Vertebrata of the Tertiary (ormationB of the West. Kept. U. S. Geol. 

Survey Terr., vol. 3, 1883 (1884). Section I.— The Tertiary formationB 
of the central region oi the United States. Section 11. — The horizontal 
relations of the North American Tertiaries with those of Europe. 
Daij., W. H. a table o( the North American Tertiary horizons correlated with one 
another and with thoee of western Europe; with annotations. U. S. 
Geol. Survey, 18th Ann. Rept., 1896-97, pt. 2, 1898. 

Uarine Tertiary barlsone of tbe Atlantic mast and ol the OuU States eoTTClatei] 
with one another, with those of the Western States ttud those at western Europe. 

Dawkins, W. Boyd. The classification of the Tertiary period by means of the 
Mammalia. Quart. Jour. Geol. Soc., 1880, pp. 379-405. 

Tertiary and Quaternary boHioDS and taims ol Qreat Brltaio, France, and Italy 
correlated. 

FiLHOL, H. Observations sur le m^moire de M. Cope intitule Relations dea hori- 
zons • • • d'animaux vert^brfe foBsilea en Europe et en AmSrique. 
Ann. sci. g6)l., vol. 17, art. 5, 1885, pp. 1-18. 

Marsh, O. C, Geolc^c horizons as determined by vertebrate fosBils. Am. Jour. 
Sci., Oct., 1891, 3d ser., vol. 42, pp. 336-338. 

Comparative value of different kinds of foesils in detennining geolc^cal age. 

Am. Jour. Sci., Dec., 1898, 4th ser., vol. 6, pp. 483-486. 

Value ol aform depends upon Its modlftablUty In accordance With cbaoglDg conditions. 
OsBORN, H. F. Correlation between Tertiary mammal horizons of Europe and 
America; an introduction to the more exact investigation of Tertiary 
zoogeography; preliminary study, with third trial sheet. New York 
Acad. Sci., Ann., vol. 13, 1900, pp. 1-64. 

Conflation des horizons de mammifferes tertiaires en Europe et en Am^que. 

Compt. Rend. 8" Cong. gfel. intern., 1900, pp. 357-363. 

The geoltgical and taunal relationa of Europe and America durii^ the 

Tertiary period and the theory of the successive invasions of an African 
fauna. Science, n. s., vol. 2, 1900, pp. 561-574. 
Popular presentation ol above-clWd address. 

GENERAL GEOLOGY AND FAUN.*; (NORTH AMERICA). 

Davis, W. M. The Iresh-water Tertiary formations of the Rocky Mountain region. 
Am. Acad. Arts and Sci., Proe., vol. 35, 1900, pp. 346-373. 

History ol opinion on mode oi formation: erldeni* against lake-bed hypothesis 
and hi favor of duviatile origin. 

Gilbert, G. K. The underground waters oi the Arlianaae Valley in eastern Colorado. 
U. S. Geol. Survey, 17th Ann. Rept., pt. 2, 1896, pp. 553-601. 
Rocky Mountain deposits may be ol Quviatile and not ol lacustrine origin. 
Johnson, W. D. The High Plains and their utilization. U. S. Geol. Survey, 21?t 
Ann. Rept., pt. 4, 1901, pp. 601-741; 22d Ann. Rept., pt. 4, 1902, pp. 
• 631-669. 

Tertiary deposits ot the plains, ol Bnvlatlle and fiood-plaln origin. 
Marsh, O. C. Ancient lake basins of tbe Rocky Mountain region. Am. Jour. Sci., 

Jan., 1875, 3d ser., vol. 9, pp. 49-52. 
— ■_ Introduction and succession of vertebrate life in America. Am. Jour. Sci., 

3d ser., vol. 9, 1877, pp. 337-378. 

Plate showing suceasslve horlions named from charaeterlstlc genera. 
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Matthew, W. D. A provisional dassification of the freBh-wat«r Tertiary of the Wert. 
Am. Mus. Nat. Hist., Bull., vol. 12, 1899, pp. 19-77. 

DIvlsioDsoItheTertUiylftkeb&slDS; [oes!1lleroug)ior<ioiieoItlieQreat Plains: exten- 
BlvfCauualllets. 

OsBOBN, H. F. Ten years' progrees in tlie mammalian paleontology of North America. 
Compt. Rend. 6' Cong. inl«m, de zoologie, Besaion de Beme, 1904, 
pp. 86-113. Reprinted without the plates in Am. Geologist, vol. 36, 
1905, pp. 199-229. 

A Eummaiy. New pbylogsnetic probtema. Rerisw at the siKneaslre taunEB, EiUn- 
sive referaixcea. 

WoRTHAN, J. L. Studies of Eocene Mammalia in the Mfvsh collection, Peabody 
Museum. Pt. II, Primates. Am. Jour. Sci., June, 1903, vol. 15, pp. 
419-436. 
Earopean and Amertcan carl; Tertiary tannK and dorte, probably derived [romtem- 

EOCENE. 

CoPB. E. D. The badlands of Wind River and their fauna. Am. Naturalist, vol. 14, 
1880, pp. 745-748. 

Darton, N. H. Geology of the Bighorn Mountains. U. S, Geol, Survey, Prof. Paper 
No. 51, 1906. 

See especially Brldger 11. e.. Wind RlTur] (ormatlon, p. TO. 
Dc^'GLAsa, Barl. The discovery of Torrejon mammals in Montana. Science, n. s., 
vol. 15, 1902, pp. 272-273. 

■ — A Cretaceous and lower Tertiary section in south-central Montana. Am. 

Philos. Soc, Proc., vol. 41, 1902, pp. 207-224. 

Sketcb o[ the JurasBlc and Cretaoeous depoaits. Probable relations d[ the Laramie 
and overlj'lng beils. Fossil mammala ol tbe Fort Union bede. 

Eable, Charles. See Osborn, H. F,, and Eable, Chables. 
Hay, O. p. The fossil turtles of the Bridger basin. Am. Geologist, vol. 35, June, 
1905, pp. 327-342. 
Evidence ahowlng that tbe Brldger buln Is ol flood-plain, not lacustrine origin. 



Remarks on the classification of the Huerfano Eocene. Colorado Sci. Soc, 

Proc., vol.4, 1891, pp. 7-9. 
Hatdbn, F. V. Geol<^cal report of the exploration of the Yellowstone and Missouri 
rivers, by F. V. Hayden, assistant to Col, William F. Reynolds, U. S. 
Engineers, Washington, 1869. 

Preliminary field report of the United States Geological Survey of I3olorado 

and New Mexico (separate), Washington, 1869. 

Brldger group, type description; p. si. 
LooMis, F. B. Origin of the Wasatch deposits. Am. Jour. Sci., May, 1907 4th ser.. 
vol. 23, pp, 356-364. 

Analfslg ot the launa, ol the stratigraphy, and of the petrography dlepioveg lake-bed 
hypothesis and supports Bood.plain hypothesis ol the origin ol the deposits. Detailed 
section, LambdolliiTium pnmitvum sp. nov.. Olvpuuaurua obiutideiu sp. nov. 

Matthew, W. D. A revision ol the Puerco fauna. Am. Mub. Nat. Hist., Bull., vol. 

9, 1897, pp. 259-323. 
FbudbJ dletiactlvemsB ol the Puerco and Torrejon. 
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McMastbr, J. B. Strat^raphicalreport upon the Bridger beds in the Washakie basin, 
Wyoming Territory, accompanied by profilee of three sections. In 
Osbom, H. F., A memoir upon Loxolophodon and Uintoikeriuin . . . 
E. M. Mus. Geol. Archteol. Princeton, etc., Contr., 4°, vol. 1, No. 1, 
1881. 
WasbalEle lormatlon. 

OaBOBN, H. F. A memoir upon Loxolophodon and Uintatherium. E. M. Mus. Geol. 
Archieol. Princeton, etc., Contr., vol. 1, No. 1, 1881, 
■ Washakte " more iHsnt than Bridger rormatlan. 

The Periasodactyla. Part III of Scott, W. B., and Oabom, H. F., The 

Mammaha of the Uinta formation. Am. Philos. Soc., Trans., n. s., 
vol. 16, pt. 3. Aug. 20, 1889, pp. 505-530. 

. Fossil mammals of the Uinta Basin; Expedition of 1894. Am. Mus. Nat. 

Hist., Bull., vol. 7, 189&, pp. 71-105. 

Geology ol the UintK Baaln: tbe tbree fHUiial levels (horizons A, B. C). vltb faonal 
liata. New genera and species, espeolalty oi Sfetonyx, Telmalhertum. SpftnujoiltM, ttai 
ElollieTtum. 

The Huerfano lake basin, southern Colorado, and its Wind River and Bridger 

fauna. Am. Mus. Nat. Hiat., Bull., vol. 9, 1897, pp. 247-258. 

Stratlgrapliy: analysis of lIllJ's report; launal division iDto a lower harizou of Wind 
River a^ and an upper borizon of Bridger age. 

and Earlb, Charles. Fossil mammalsot the Puerco beds; collection of 1892. 

Am. MuB. Nat. Hiet., Bull., vol. T, 1895, pp. 1-70. 
Moles on (be geology (Wortman). Analysis and description oF tbe [auna. 

and WoHTMAN, J. L. Fossil mammals of the Wabsatch and Wind River beds; 

collection of 1891. Am. Mus. Nat. Hist., Bull., vol. 4, 1892, pp. 81-147 
0eolog7 ol the BIgbom Baain (Wortmiin). p. 135: aiutlyals and description ol the 
fauna (Osbom). 

Scott, W. B. The upper Eocene lacustrine formations of the West. Am, Assoc. 
Adv. Sci., Pioc., 1887 (1888), p. 217. Abstract. 

The upper Eocene lacustrine formations of the United States. Am. Assoc. 

Adv. Sci., Proc, vol. 36, 1887, pp. 217-218. 
, The geological and fauna! relations of the Uinta formation. Pt. I of Scott, 

W. B., and Osbom, H. F.. The Mammalia of the Uinta formation. Am. 

Philos. Soc., Trans., n. s., vol. 16, pt. 2, Aug. 20, 1889, pp. 462-470. 
- — ■ — The selenodont artiodactyls of the Uinta Eocene. Wi^er Free Inst. Sci., 

Trans., vol. 6, 1899, pp-'i-iiii, 15-122, pU. 1-4. 

Angularuneontormity between boriionsBandC. White Rivarbedsbomotaiial with 
Ronzon ol France |videHatcber|. Uinta com pa led n-ith Pans gypsum ( Lut^tlen) , i e. 
lower Ollgocene [upper Eocene]. 

Sinclair. W. J. Volcanic ash in the Bridger beds of Wyoming. Am. Mus. Nat. 
Hist., Bull. 22, 1906, pp. 273-280. 

General features of the geologj'. Litbologic and stratlgrspblc claeniacatlon ol tbe 
Bridger group. 

Veatch, a. C. Geography and geology of a portion ot southwestern Wyoming, with 
special reference to coal and oil. U. S. Geol. Survey. Prof. Paper No, 
56, 1907. 

Deposltsof the period between the IcnownCretaceoiisund tbe known Eocene; Evans- 
ton lormatloQ iEocene?|. p. S6; WHBHtcb group, pp. 87-06; Ureon River locmation, 
p. 9;; Bridger ronnatlon, p. M. 
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WoRTMAN, J. L, Geological and geigraphical sketch of the Bighorn Basin. In 
Osborn, H, F., and Wortman. J. L., Foeail mammais ot the Wahsatch 
and Wind River beda. Am. Mus. Nat. Hiat.. Bull,, vol, 4, 1892. pp. 
135-144. 
Wind River b«ds distinct from and auccnsWe to tbe WauUh ol Bighorn Basin. 

— — — and Osborn. H. F. See Osborn, H, F.. and Wortman, J. L. 

OLIQOCENE, MIOCENE, PLIOCENE. 
CocKERELi., T. D. A. The fossil fauna and flora of the Florissant (Colorado) ehalee. 
Univ. Colorado, Studies, vol. 3, 1906, Boulder, Colo., pp. 157-176. 

BIrda, Hsbes, Insects, molluaks, plants. 

Cope, E. D. Observations on the faunte of the Miocene Terliaries ot Or^on. U. S. 
Geol. and Ge<^. Survey Terr., Bull., vol. 5, 1879-80, pp. 55-69. 
John Da; (Ollgocene). 

Second contribution to a knowledge of the Miocene fauna of Or^on. Am, 

Philoe. Soc.. Proc., vol. 18, 1879, pp. 370-376. 
John Day (Otlgocsne). 

The ttTiite River beds of Swift Current River. Northwest Territory. Am. 

Naturalist, vol. 19, 1885, p. 1G3. 
01igoc«ne, Whita River. 

The Vertebrata of the Swift Current Creek region of the Cypress Hills. Geol. 

and Nat. Hist. Survey Canada, Ann. Rept.. vol, 1. 1885 (1886). appen- 
dix to Article C. pp, 79-85. 

Oligoceno. 

A preliminary report on the vertebrate paleontology of the Llano Estacado. 

Geol, Survey Texas, 4th Ann, Rept., 1892 (1893), pp, 1-136, 

Description ol the veitebrate fauna ol the Loup Fork beds ol Ihe Llano Est«cado, 

CuMMCNa, W. F. Notes on the geology of northwest Texas. Greol. Survey Texas, 3d 
Ann. Rept,, 1891 (1892), pp. 129-200; 4th Ann. Rept., 1892 (1893), pp. 
179-238, 

Oeology ol the Llano EsUcado. 
Dall, W. H. Age of the Peace Creek bone beds of Florida. Acad. Nat. Sci. Phila- 
delphia, Proc,, 1891, p. 121. 
Included In Pliocene. 

Geological results of the study of the Tertiary fauna ot Florida, 1886-1903. 

Wagner Free Inet. ot Science. Philadelphia, Trans., vol. 3, pt. 6, 1903, 
pp. 1541-1620. 
Ollgocene and later tormatlons. Tertlar; Mollusca. 

and HARttis, G. D. Correlation papers. The Neocene of North America. 

U. S. Geol. Survey, Bull. No. 84. 1892. 

See especially Cbaplor VI, on me supposed Neocene ol the interior region, considered 
by Btates, pp. 2S0-SI/. Table sboning the ve 
rior. Hap,p.17S, List o[ names applied to Cei 
States, p. 320. 

Dabton, N. H. Preliminary report on the geology and underground-water r* 

ot the central Great Plains. U. S. Geol. Survey, Prof. Paper No. 32, 
Washington, 1905. 
See especially Cbadion ( rifanofAcn'uni) , Brule (Oreadon), Arlkaree, 0| 
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Darton, N. H. Age of the Monument Creek formation. Am. Jour.Sci., Sept., 1905, 
4th ser., vol. 20, pp. 178-180. 

TitanolherlKm raqiMus. Ollgocene. 

Geology and underground watere of the Arkanaas Valley in eaatem Colorado, 

U. S. Geol. Survey, Prof. Paper No. 52, 1906. 

HonaiDent Cimk tormatlon, contaiolug THanolheriiim ol WtalM River age. p. 34; 
NuBsbaiim formation, ol lata Tertiary age. p. 14. 

DouQiiASS, Earl. The Neocene lake beds of western Montana, and deacriptiona of 
some new vertebrates from the Loup Fork. Univ. Montana, thesis, 
June, 1899. 

Oeology, iaunffl, and oorralatlon ot Whits River, Deep RiTOr. and Madlaon Valley; 
Loup Forlf borliotis in Uoatana; systematic description of certain lossll camels, etc. 

Fossil Mammalia of the White River beds of Montana. Am. Philoa. Soc., 

Trans., n. s.. vol. 20, 1901, pp. 1-12, pi. ii. 

Pipestone beds, ToatOQ beds, BlscktaU Deer Creek beds. Otology and raun»: new 
genera and species of mammals. 

New vertebrates from the Montana Tertiary. Cam^e Mus. (Pittsburg, 

Pa.j, Ann., vol. 2, No. 2, 1903, pp. 145-200. 

Sage Creek beds <IEoeene), White River deposits. Fort Logan beds (upper Ollgo- 
cene>. Deep River and Film Creek beds. Ne» mammals deaciibed, 

The Tertiary of Montana. Carn^ie Mus. (Pittsburg, Pa.), Mem., vol. 2, 

1905, pp. 203-224. 

ChleSy a description ol Ictopt, JCenoUitTium, and otber lower While River mammals. 
GiDLEY, J. W. The freah-water Tertiary of northwestern Texas, American Museum 
Expedition of 1899-1901. Am. Mus. Nat. Hist., Bull., vol. 19, 1903, 
pp. 617-635. 

Geologic notes and sections; new mammals described. Rock Creek beds ■— Sheri- 
dsa {Egaiu) beds (Pleistocene); Blanco beds (Fliooeciei; sectlone (i) al Uount BUnco 
ot (!l Goodnight (Paloduio) Uloceoe, {2} sbowing Panhandle (iowsr or middle Miocene) 
beds, and (3) ol Clarendon (Loup Fork) and Panhandle, Uaps. [aune. 

See Matthew, W. D., and Qidlev, J. W. 

Gilbert, G. K. Lake Bonneville. U. S. Geol. Survey. Mon., vol. 1, 1890. 

The age of the Ejau* fauna, p. 393. Faunally later than upper Pliocene ol Arno 
Valley, and earlier than mid- Pleistocene, but surviving In Lake Bonneville region into 

Harris, G. D. See Dall, W. H., and Harris, G. D. 

Hatcher, J. B. Discovery ot Diceratherium, the two-horned rhinoceros, in the White 
River beds of South Dakota. Am. Geolc^ist, vol. 13, 1894, pp. 360-361. 
Top of Vi hite Ri>-er correlaled with John Day lormatlon. 

On a Email collection of vertebrate fossils from the Loup Fork beds of north- 

western Nebraska; with note on the geology of the region. Am. Natur- 
alist, vol. 28, 1894, pp. 236-248. 

JHuTodaa, Apkrtopa. Tcleoceras. Loup Fork and Equtu beds. 
— — The Titanotherium beds. Am. Naturalist, Mar. 1, 1893, pp. 204-221. 

Geographic distribution, description, stratigraphy; taunistlo division into lower, 

(Irigin of the Oligocene and Miocene deposits of the Great Plains. Am. 

PhUos. Soc., Proc,, vol. 41, 1902, pp. 113-131. 

Oering, Arllcaree, Ogalalla, Uonroe Creek, Harrison, and Nebraska ol Scott; classi- 
flcation of the Oligocene and Miocene; "lake-bed' hypothesis ol origin disproved in 
lavor of auviatlle, Hood-plain, and eolian hypothesis. 
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Hawokth, E. Physical propertiea of the Tertiary [of Kansas]. T"niv. Geol. Survey 
Kansas, vol. 2, 1896, pp, 247-2S1. 

Rejects "la lie-biulii" bypoitiesiB In favor ol bypotbeals ol QuviatUe origin ol Tenlary 
ol Kansas. 

Hay, R. Northwest Kansas; its top<^raphy. geology, climate, and resources. Kan- 
sas State Bd. Agr., 6th Bien. Rept., 18S9. 
See especially dlscnsslons ol tbe Tertiary geology of Kansas. 
Irvino, J. D. The stratigraphieal relations of the Browns Park beds of Utah. New 
York Acad. Sci., Trans., vol. 15, Sept., 1896, p. 252. 
The bede in Browns Park Valley assigned to the Pliocene. 
Knowlton, F. H. Fosail flora of the John Day basin, Or^on. U. S. Geol. Survey. 
Bull. No. 204, 1902. 
Ueology, pp. 14-30. 102-lOS. Uascall formation relerred to upper Miocene. 
Leidy, J., and Lucas, F. A. Foesil vertebrates from the Alachua clays of Florida, 
Wagner Free Inst. Sci., Trans., vol. 4, 18S6, pp. vii-xiv. 15-61, 

Mastodon fioridaniu. A jthttopafoangrr. A. maiacorhinut, Proeametut mafor, P, vudtita. 
P. minimal. Hippotlierittn pliiaiilc, H. (jraWam. Effuu* major, 

Loouis, F. B. Two new river reptiles from the titanothere beds. Am. Jour. Sci., 
Dec, 1904, 4th ser., vol, 18, pp. 427-432. 
Flood-plain origin ol riionofftenum leds. 
Lucas, F. A. See Leidy, J., and Lucas, F. A. 

Uatthbw, W. D. Is the White River Tertiary an eolian formation? Am. Natutalitrt, 
vol. 33, 1899, pp. 403-408, 
Siimmary oC the paleonlologlc evidence ugalaat tlie iske-bosln hypothesis. 
■ — — — Fossil mammals ol the Tertiary of northeastern Colorado. Am. Mus. Nat. 
Hist., Mem. 1, pt. 7, Nov., 1901. 

Stratigraphy of White River lormatloa (Horsetail Cnek. Cedar Creek, and Martin 
Canyon beds); o( Loup Fork foriDatlon (Pawnee Creek bods). Evidence as to mode 
ol deposition (chiefly eollanl; analysis ot laimte; correlation of horizons; lyslematic 
deecrlptlona. 

The fauna of the Tiianotheriwin beds at Pipestone Springs, Mont. Am. 

Mus. Nat. Hist,, Bull., vol. 19, 1903, pp. 197-226. 

' Notes on stratigraphy; systamatlfi dcscripilona ol new loasll mammala. 

A lower Miocene fauna from South Dakota. Am. Mus. Nat. Hist., Bull., 

vol. 23, 1907, 169-219. 

Lower and upper Rosebud formations and fauns; comparison with AmorlcaD Oligo* 
ceneand lllocene faunie NewCamlvora, Rodentla. Artlodactyla 

and GiDLEY, J. W. New or little-known mammala froni the Miocene ot South 

Dakota. Am. Mue. Nat. Hist., Bull,, vol. 20, 1904, pp. 241-271. 

Upper Mloceae Loup Fork beds, geology and lauaal Hat: lower Miocene Rosebud 
beds (new name) New CaraWora and Rodentla 

Merriau, J. C. A contribution to the geoI<^y of the John Day basin, Univ. Cali- 
fornia, Bull. Dept. Geology, vol. 2, 1901, p. 269. 

Geology, fauns, and Horic ol the Cretaceous (Cblcoand KnoxvlUe), Eocene (Clamoi, 
OKgocene (John Day series) Columbia lava, Ulocene (Uascall) Pliocene (Rattlesnake), 
Quaternary. 

— Camivora from the Tertiary formations of the John Day region, Univ. Cali- 
fornia, Bull. Dept. Geology, vol. 5, 1906, pp. 1-64, pis. 1-6. 

>a on tbe Tertiary lormatlons ol the John Day region. Description ol the 
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I, H. F.] Professor Fraas on the aqueous vs. eolian deposition of the White 
River Ol^ocene of South Dakota. Science, n. a., vol. 14, 1901, ; r>. 
210-212. 

Tilanmhertam beds lonaed by river aad I 
BetlsoD- Middle Oreodon beda deposited by a 
vBrylag concentration (cf . banded layers) . Upper Oreodon lieda larmed by sollan loess. 

, H. F. See Scott. W. B., and Osborn, H. F. 

— and WoETMAN, J. L. PeriHsodactyls of the lower Miocene White River beds. 

.\m. Mus. Nat. Hiat., Bull., vol. 7, 1893, pp. 343-375. 
OUgocene. 

^ Fossil mammals of the lower Miocene White River beds; collection of 

1892. Am. Mus. Nat. Hist., Bull., vol. 6, 1894, pp. 199-228. 
Succession of species In the White River -'Ulocene" l-OllgoceDe] 

Peterson, 0. A. Osteology ot Oxydaclylus. A new genus ot camels from the Loup 
Fork of Nebraska, with descriptions of two new species. Carnegie Mus., 
Ann., vol. 2, No. 3, Feb.. 1904. 
Geologic notes and section, pp 473-475. 

Description of new rodents and discussion of the origin of Dsemonelix. Car- 

negie Mus., Mem., vol. 2, 1905, pp. 139-191. 

New rodents from the Dsiaoneliz beds. Ilairisoa formation {Ulocene). DxmontlU 
eiplRined aa the oast of a spiral burrow made by rodents {Sieneotlbtr) . 

The Agate Spring fossil quarry. Carnegie Mus., Ann., vol. 3, No. 4, 1906, 

pp. 487-194. 
llorlEon regarded asequJT&lent tothetop of tlie lower Harrison formatloa. 

The Miocene beds ot western Nebraska and eastern Wyoming and their ver- 

tebrate faunte. 

Cameefe Uus.. Add., vol. 4, No. l, 190A, pp. 21-72, 

— — Newsuilline remains from the Miocene of Nebraska. Carnegie Mus., Ann., 
vol. 2, No. 8, 1906, pp. 305-^20. 

N. sp. in Tkinokyns. Comparison with John Day species shows greator specializa- 
tion, p. 320. 

Scott, W. B. The mammals of the Deep River beds. Am. Naturaliat, vol. 27. 1893, 
pp. 659-662. 
I^reliminary description w 

The later Tertiary lacustrine formations of the Weet. Geol. Soc. America, 

Bull., vol. 5, 1893 (1894), pp. 594r-595. 
Nebraska formation. f^Aor^rbeds. Type reference. 

The Mammalia of the Deep River beds. Am. Philos. Soc., Trans., n. e., vol. 

18, 1895, No, 2, pp. 55-185. 
Geology, pp. d^-tiS. Europeanhomotaxia with Sanson and Slmorre (middle Miocene ) , 

and Osborn, H. F. Preliminary account of the fossil mammals from the 

White River formation contained in the Museum of Comparative Zool<^y. 

Mus. Comp. Zool. Harvard Coll., Bull., vol. 13, 1887, pp. 152-171. 
ScuDDEK, S. H. The Tertiary insects of North America. U. S. Geol. Survey Terr., 

Rept., vol. 13, 1890. 
Uap of the Tertiary late baeln at 

Tertiary Insects In Ameiloa. Fiorla 

of the deposits. 
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Sinclair, W. J. New or imperfectly koown rodents and ungulates from the John 
Day BericB. Univ. California, Bull. Dept. Geoli^y, vol. 4, 1905, pp. 
125-143. 

Sternberg, C. H. The Loup Fork Miocene of western Kansas. Kansaa Acad. Sci., 
Trans., vol. 20, pt. 1, 1904, pp. 71-74. 

Mode of deposition discussed. 

WoKTMAN, J. L. On the divisions of the White River or lower Miocene of Dakota. 
Am. Mus. Nat. Hist., Bull., vol. 5, 1893, pp. 95-106. 

DsHrfption and strfttlgTapblc table ol tbe TilawillieTiuni tiDd Oreodm beds; Pnlo- 
ctrai beds; laiuuil distribution and succession or types. 

See OsBOBN, H. F., and Wortman, J. L. 

PLEISTOCENE, 

Bebdb, J. W. See Ha worth, E., and Beede, J. W. 

CoPB, B. D. Description of some vertebrate remains from the Port Kennedy bone 

deposit. Acad. Nat. Sci. Philadelphia, Proc., vol. 11, 1876, pt. 2, 

pp. 193-267. 
Pleistocene. 

The Silver Lake of Or^on and its r^ion. Am. Naturalist, vol. 23, 1889, 

pp. 970-982. 
Pleistocene. Fauna and geology. 

and Wortman, J. L. An account of the mammalian fauna of the poat-Plio- 

cene deposits of Indiana. State Geol. Indiana, 14th Rept., pt. 2, 1884. 

Pleistocene. 

FuBLONa, E. L. An account of the preliminary excavations in a recently explored 
Quaternary cave in Shasta County, Cal. Science, n. s., vol. 20, July 8, 
1904, pp. 53-54. 

FHimal lists. 

The exploration of Samwel Cave. Am. Jour. 8ei., September, 1906, 4th eer., 

vol. 22, pp. 235-247. 
Pleistocene. 

Eeconnoiaaance of a recently discovered Quaternary cave deposit near 

Auburn, Cal. Science, n. a., vol, 25, 1907, pp. 392-394. 

Gilbert, G. K. See Hall, J,, and Gilbert, G. K, 

Hall, J., and Gilbert, G. K. Notes and observations on the Cohoes mastodon. Notes 
of investigations at Cohoes with rof erencG to the circumstances of the depo- 
sition of the skeleton of Mastodtm. New York State Cab, Nat. Hist, 21st 
Ann. Kept., 1871. 
CbaracteiisUc sections of Pleistocene deposits. 
Hatcher, J. B. Discovery of a musk-ox skull {Ovibog amfrons Leidy) in West Vir- 
ginia, near Steubenville, Ohio [by Sam Hust«n]. Science, vol, 16, 1902, 
p. 707. 
FaunaJ cbanges In tbe region during glacial period. 
Haworth, E., and Bbbde, J. W. The McPhereon Equus beds [of Kansas]. Univ. 

Geol, Survey Kansas, vol. 2, 1896 (1897), pp. 287-296, 
Matthew, W. D. List of the Pleistocene fauna from Hay Springs, Nebr. Am. Mus. 
Nat. Hist., Bull., vol. 16, 1902, pp. 317-322, 

Hay Springs (Nebraska), Silver Lake (Or^on), Oregon Desert, Waahtuckna Lake 
(WasblngtonJ. 
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Mercer, H. C. The bone cave at Port Kennedy, Pa. Acad. Nat. Sci. Phila- 
delphia. Jour., vol. II, 1699, pt. 2. 

Referred to th« FlelBtDceiie, but vltbont oompulBOn with other cbts lomutlons and 

Merriam, J. C. Recent cave exploration in California. Am. Anthropok^t, n. a., 
vol. 8. 1^, pp. 221-228. 

Uener's, Potter Creek, Samnel, and Stone Uau oavea, probabtf ol Qiiaternai? agf. 

ScuDDBR, S. H. rhe eSect of glaciation and of the glacial period on the pieaent 

fauna of North America. Am. Jour. Sci., Sept., 1904, 3d ser., vol. 48, 

pp. 179-187. 
Shufeldt, R. W. a study oE the foseil avifauna of the .Sguiu beds of the Oregon 

desert. .\cad. Nat. Sci. Philadelphia, Jour., vol. 9, 1892, p. 389. 
Sinclair, W. J. A preliminary account of the exploration of the Potter Creek cave, 

Shasta County, Cal. Science, n. b,, vol. 17, 1903, pp. 708-712. 
— ■ — — The exploration of the Potter Creek cave. Univ. California, American 

Archteol<^y and Ethnology, vol. 2, 1904, pp. 1-27, pla, 1-14. 
Late Quaternary OBK- 

- — — New Mammalia from the Quaternary caves of California. Univ. California, 

Bull. Dept. Geolc^y, vol. 4, 1906, pp, 145-161. 
WttUBTON, S. W. An arrowhead found with bonea of BUim occidentalU in weatem 

Kansas. Am. Geologist, vol. 30, 1902, pp. 313-315. 



□ undoubted association with an eittnet appdea. Slam occidenlalU, Id 
beds leletTBd by Winiatoa to the Eyntu beds. 

The Pleistocene [of KansasJ. Univ. Geol. Survey Kansas, vol. 2, 1896, pp. 

299-308. 
Kansaa Flelatooene deposits and [aun^. 
WORTMAN, J. L. See Cope, E. D., and Wortman, J. L. 
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GENERAL GEOLOGIC AND CLIMATIC HISTORY OF THE 
TERTIARY. 

Although, as observed in the introduction (p. 7), we still la«k 
exact knowledge, certain broad generalizations are beginning to 
emerge from the facts collected chiefly, by American paleontologists 
since the pioneer studies of Hayden and Leidy in the middle of the 
last century. 

Among the earlier contributors to our geologic and stratigraphic 
knowledge are Hayden, Leidy, Marsh, Cope, King, Scott, and Osbom. 
Among the more recent contributors are Matthew, Hatcher, Wort- 
man, Darton, Merriam, Peterson, Douglass, Gidley, Granger, and 
Sinclair." 

The most central fact established is that there were during the 
Tertiary period two grand natural divisions of geologic deposition 
and of animal and plant habitat, similar to the two natural divisions 
which exist to-day, namely, (1) the Mountain R^on and (2) the 
Plains R^on. 

THE MOUNTAIN REGION. 

The mountain and high-plateau r^on, as a whole, stretched 
north through British Columbia to its broad Asiatic land connection, 
which was apparently interrupted and renewed more than once dur- 
ing the Tertiary period. On the south it terminated, according to 
Suess, in the mountains which form tlie northern boundary of the 
southern Mexican State of Oaxaca. We have a few glimpses of the 
hfe of limited areas of this vast r^on in Tertiary time. 

The Eocene Tertiaries of the Mountain Region, lying in and west 
of the Rockies, in which the life is best known, were partly formed 
by the post-Cretaceous or post-Laramie uplift, accompanied by 
great volcanic activity, lava flows, and eruptions of volcanic dust, 
and by the formation of a series of lake, river, and flood-plain basins, 
filled with volcanic and erosion sediments. 



tlons sent oat by the present writer from the departmeat of vertebrate paleontology of the Ajioer'caTX 
Mueeum at Natural History, with Instructions to combine very precise geolottic and paleontologlo 
otxervatlona. Of the otbeca, Hateher's pioneer work for the United Slates Geologieal Surrey and 
for the Cample UnMum, Merriam's and Sinclair's work hi the John Day region lUniveralty of Cali- 
fornia studies^ a 
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The mammalian life of this region from New Mexico on the south 
to Montana on the north is fully known from the beginning to the 
close of the Eocene epoch, while it is imperfectly known during the 
Miocene and Pliocene epochs. It shows four phases in its relations 
to Europe. 

1. Throughout the lower Eocene epoch it is closely similar to the 
far-distant life of western Europe. (See first and second faunal 
phases, pp. 33, 35-36.) 

2. There follows a middle and upper Eocene interval of faunal sepa- 
ration from Europe. (See third faunal phase, pp. 42-43.) 

3. Again there is a faunal reunion, near the beginning of the Oligo- 
cene epoch; then a divergence, less marked than before; then a 
reunion in the middle Miocene, and another in the Pleistocene. But 
from the OUgocene onward western America, northern Asia, and 
Europe, or Eurasia, form a single great zoologic province until 
the late Pleistocene. (See fourth, fifth, and sixth faunal phases, 
pp. 57-60, 76, 82.) 

4. Finally, the present epoch is one of fauna] diveigence or sepa- 
ration. (See seventh faunal phase, p. 84.) 

THE PIjAINS region. 

The Tertiaries of the Plains Region lie east of the Rockies from 
Montana southward. 

During the entire Eocene epoch the country stretching to the 
Mississippi and eastward to the Appalachians and Atlantic coast is, 
with a few exceptions," a terra incognita so far as its terrestrial 
mammalian life is concerned. Glimpses only of its marine or sea- 
shore mammalian life are afforded in the Zeuglodon zone '' of Alabama 
and Florida and in other littoral marine deposits. While this vast 
eastern region contains no known Eocene mammal-bearing deposits, 
it was undoubtedly the scene of a veiy active continental' mammahan 
hfe from the time of the emergence of the central area toward the 
close of the Cretaceous, or during and after Laramie time. Yet our 
knowledge of the life of eastern North America during the entire 
Eocene is only what we gain by inference from our knowledge of the 
life of the Mountain Region from Montana on the north (47°) to New 
Mexico on the south (36° latitude), a relatively circumscribed area. 

Our earhest knowledge of the mammalian life of the Great Plains 
is that suddenly afforded on its extreme western fringe or border in 
lower Oligocene time, and it is indeed a revelation. Again, with the 
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exception of important upper Miocene (" Peace Creek " and "Archer" 
fonnations) and possibly mid-Pliocene deposits in Florida, the coun- 
try east of the Great Plains remains unknown until the lower Pleisto- 
cene. 

These facts, which are often overlooked by paleontologists, have a 
very important bearing on theories as to the source or origin of the 
new forms of mammals which suddenly appear from time to time. 



Resemblances. — Opening with a moderately warm and humid but 
far from tropical climate, with mild winters, the common physio- 
graphic and climatic history of both the Mountain and western 
Plains regions was that of progressive elevation, slowly progressing 
aridity, gradual soil denudation and deforestation, progressively 
sharper definition of the winter and summer seasons, concluding 
with destruction of most of the larger forms of life during the lower 
Pleistocene glacial epoch. 

Contrasts. — The geologic history of the two regions presents some 
strong contrasts. 

First, with some exceptions, the Tertiary deposits of the Mountain 
Region are in clearly defined basins drained by the same great river 
systems which drain them to-day, while those of the Plains Region 
are widely scattered over broad areas, with frequent changes in the 
river courses, the present river courses being comparatively modem. 

Second, it follows that in the Mountain Region, from the basal 
Eocene to the summit of the upper Oligocene or John Day formation, 
there was little or no working over of the older Tertiary rocks into 
newer deposits, but there exist a number of continuous local deposi- 
tions. Erosion of these depositions has been retarded fortunately 
in the John Day basin of Oregon by heavy cappings of lava, in the 
Bridger basin by a dense Pleistocene (!) conglomerate, and in the 
Washakie basin by a fine conglomerate. Broad expanses of these 
historic strata have thus been preserved in their original purity and 
continuity for the geologist and paleontologist. 

Third, by contrast, in the Plains Region the original very extensive 
Oligocene strata were in part worked over to form Miocene strata, 
and these in turn were in part eroded to form Pliocene strata; again, 
all three contributed to the Pleistocene strata; and finally all four 
are now contributing to the alluvium of the Great Plains. Thus in 
the Plains Region we find Miocene river deposits laid in old Oligocene 
channels, and Pliocene deposits embedded in Miocene channels, as 
well illustrated in Gidley's sections" in the Llano Estacado of Texas 
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(fig. 15, p. 82). This Buccession of depositions and erosions has ren- 
dered the Tertiary geologic history of the Great Plains very compH- 
^ cated, and has retarded our geologic and paleontologic solutions. 
Fourth, owing to the proximity of the volcanic zones, volcanic ash 
and other fine eruptive materials contributed very largely and in 
some basins almost exclusively to the Eocene and Oligocene deposits 
in the Mountain Region, while in the Plains Region, which was 
more distant from the active craters, volcanic-ash deposits were 
occasional, and conglomerates, sandstones, and clays make up the 
main mass of the deposits. In some Plains deposits, however, vol- 
canic ash is a large component. 

Fifth, the mammalian life of the Mountain Region was largely 
that of plateaus, uplands, and elevated basins, of streams and lake 
borders, of hillsides, and more or less of the forests. The mammalian 
life of the Plains Region was that of savannas and pampas, of broader 
plains and rivers, with more restricted forests. There was, however, 
no sharp life demarcation, because then, as now, some of the Plains 
types penetrated the Mountains and some of the Mountain types 
penetrated the Plains. 

General homotqxia of »omt of the Mountain and Plaim foiiiudioTii. 
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GEOLOGIC HISTORY OF MOUNTAIN BASIN DEPOSITS 
OF THE EOCENE AND OLIGOCENE. 

The combination by faunistic correlation of all the Eocene sections, 
as represented in fig. 1, gives a total thickness of 7,200 feet. 

The deposits are distinguished by the following chief characters; 

1. The axes of the mountain ranges were the same as at present. 
The mountain ranges, in relation to the surrounding country, were 
probably higher than at present, because we must allow for two to 
three million years of erosion. , 

2. The Eocene drainage systems were broadly the same as the 
modem, namely, the systems of Colorado River, Arkansas River, the 
Bighorn branch of Missouri River, and Columbia River, In details, 
however, the drainage systems have certainly been modified by uplift 



3, The deposits all lie in the same great mountain basins or moun- 
tain valleys in which they were originally deposited. (See PI. I.) 

4. Except close to the mountain foothills (e. g., Wasatch of the 
Bighorn Basin) there has been comparatively little Eocene or post^ 
Eocene disturbance, because these deposits are still horizontal or at 
gentle angles with their original horizontal position. 

5, The surrounding mountain ranges were interspersed with active 
volcanic peaks; the upper Colorado River basin especially was sur- 
rounded by a circle of volcanoes which poured out their lava and 
widely distributed their ashes, 

6. From preliminary lithologic examinations the Eocene deposits 
have been found to consist largely, sometimes exclusively, of vol- 
canic-ash materials." The subject has an interesting history: In 
1885-86 Merrill and Peale determined the volcanic-ash origin of the 
"Bozeman lake beds" in Gallatin County, Mont. Peale's conclu- 
sions were interesting.'' These observations are in line with King's* 
(1876) previous recognition of volcanic-ash strata in the typical 
Wasatch of Evanston, Wyo., immediately underlying the true Cory- 
■phodon zone of Marsh, with Wortman's note as to the volcanic-ash 
nature of the Huerfano basin Pliocene, and with a number of obser- 



a It is LntereatLng to note tbe similar TOlcanlc-asli character at the Santa Cnin, tho chiol Uiocsne for- 
mation o[ Pataeonla. 
' Poale, A. C, Sclanoe, vol. 8, Aug. 20, 1SS8, p. 193. Tbe aitlclu ooncludra as foUowe: 
"Will weDot, therefore, have to cat down very materially the great length of time generally believed 
to have elapsed In this region Irom the beginning ol this laciistrlns period to the present time, when 
we find tliat a great portion of tbe aedlment tbst once Med tbe lakes is due, not to the products ot 
erosion, as has bltberto been supposed, but to repealad abowera ol volcanic dnst? Again, do not these 
TOlcanlc materials, which must have fallen In sbowera over a large eitent ol country— aOTumuIatliig 
In some cases in beds 40 to 90 leet thiob — accouut Iot the perfect preservation ol the vertebrate remans 
which cbaracteiize the formations In so many parts ol tho West; and Is therr not also suggested one 
possible cause for the eitlnctlon ot some ol the many groups ol animals which have at present no do- 
n thin region, and whose only remains are tbe bony fragments lound in these lacustiine 
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vfttions (Barbour, Darton, and others) as to the volcanic-dust com- 
position of certain Oligocene to Pliocene sands in Nebraska, Montana, 
and Colorado. Following Merriam's' determination (1901) of the 
Tolcanic-ash nature of the deposits of the John Day basin, the next 
important step of recent years in relation to the Eocene lake basins 
is the recognition by Sinclair '' (1906) that the deposits of the Bridger 
basin, previously described as sandstones and clays, are also chiefly 
of volcanic nature or tufEs. The neighboring Washakie basm deposits 
are of ash (Sinclair, 1907). On preliminary examination the same 
observer finds tuffa in the Torrejon, Wasatch, Wind River, and Uinta, 
as well as in the Bridger; in other words, in the entire Eocene series. 
The lower part of the Wind River formation, however, and probably 
parts of other basin deposits, appear to be true sandstones and clays. 
Veatch' (1906) confirms King's observation that just below the 
typical Coryphodon zone of Evanston are extensive "white beds" 
lai^ely composed of volcanic ash, which he names the Fowkes 
formation. 

7. The manner of deposition of volcanic ash in these various 
basins, whether blown about on a dry surface, in flood plains, or in 
either extensive br shallow lakes, has not been fully determined. In 
the Bridger formation the ash shows little evidence of prolonged 
water erosion. Merriam rejects the lacustrine theory of the origin 
of the John Day formation and speaks of "showers of ash, with tuff 
deposits on a plain occupied in part by shallow lakes." 

8. Admirable studies of the John Day Oligocene, in most of its 
biotic and geologic aspects, have been made by Merriam," Sinclair,'' 
and Knowlton.' (See p. 67.) 

9. The Bridger formation, 1,800 feet in thickness, is the only Eocene 
deposit which has been exactly examined^ from the standpoint of 
geology, petrography, and paleontology. Wind-blown volcanic ash, 
glass, and eruptive feldspar are large ingredients of this formation, 
which contains no erosion materials from the adjacent Uinta Moun- 
tains, such as we should expect to find. There is evidence of the 
direct deposition of the ash in water, with some working over of the 

aUerriam. J. C, A contribution to thegsalogj' ol t)ie John Dar basin: Boll. D«pt, Qeology, Univ. 
CaUlornla, vol. 2, No. 9. April. IBOI, pp. 26e-3H. 

A Sinclair, W. J., Volcanic aah In tbe Bridger beds ol Wyoming: Bull. Am. Mas. Nat. niat., vol. 22, 
1906, pp. 27S-2SO. 

' Veatcb. A. C. Oeograpb}' and geology ol a portion ol aouthwestem Wyoming, wllb speda] letnrence 
to coal and oil: Prol Paper U 3. Geol. Survey No. 5fi, 11K)7 

d Slncl^r, W. J., New or imperlectly known rodents and ungulates from the John Day aeries: Bull. 
Univ. Calllomla, DepC. Geology, vol 4. IMS, pp. 12K-143. 

« KnowlloQ, F. H., FobbII flora ol tho John Day basin, Oregon. Bull. U. S. Geol. Surwy No. ZM, 
1002. IGlpp. 

/ TbB writer plarmed this aurvey In preparation lor the United Slates Oeologloftl Survey monograph 
on the titanother^, dealring to ascertain whether or not tbe Eocflne tLtauotherea were horizontally 
dlatrlbnled. I. e.. In vertleally auccesBlve lite zones. As conducted by sad reported ou by Messrs Mat- 
thew, Granger, and Sinclair, partly lor the United Stales Geological Survey, but chiefly for tne Ameii- 
caD Uu»um eipadltlana. It auoraeded lar beyond our most aaogulDe tmliclpatlons. 
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coarser materials by streams into the ao-called sandstones, while the 
finer materials, constituting the so-called clays, are actually tuffs. 
Proofs of temporary lacustrine conditions, or of prolonged high water 
on base-level, are found in the very widely extended so-called white 
layers containing calcite and flint ; these divide the Bridger formation 
into five levels (A, B, C, D, E), each characterized by distinctive 
specific forms of mammalian and reptilian life. These levels dem- 
onstrate periodic risings of the water level in this basin. 

10. As the fossil manunals which all these Eocene mountain depos- 
its contain are carefully compared and studied, we nearly, if not quite, 
demonstrate another great fact, namely, that these deposits were 
successively formed, in one basin after another, throughout the 
Eocene period; in a number of cases, fortunately, there was a time 
overlap — in other words, before one deposition closed another began. 
When fully explored they will thus afford a nearly continuous history 
of the vertebrate life of the Mountain Region during the Eocene and 
Oligocene epochs. 

GEOLOGIC HISTORY OF THE GREAT PLAINS DEPOSITS 
OF THE OLIGOCENE TO LOWER PLEISTOCENE. 

Extent.— The Oligocene to Pleistocene deposits immediately over- 
lie the various divisions of the Cretaceous and form the surface of the 
plains at different points from 200 to 300 miles east of the Rocky 
Mountains, from British Columbia on the north to the Mexican plateau 
on the south, with a combined maximum thickness of about 2,000 
feet. Their central area is best shown in Barton's preliminary geo- 
logic map of the central Great Plains." 

History of opinion as to mode of deposition^ — The lacustrine-origin 
theory as to the Great Plains deposits was entertained by Owen, King, 
Hayden, Leidy, Cope, Marsh, Scott, and Darton; it reached its cli- 
max in King's proposal to give names to each of the great successive 
lakes, beginning with those in the Mountain Region. This theory of 
lake basins of very large extent on the Great Plains has been aban- 
doned in the light of more exact paleontologic and geologic study. 

Among the geologists, Johnson,' Gilbert,"' Haworth, and especially 
Davis, who reviewed the whole subject in a broad and critical way, 
have advocated a fluviatile' and flood-plain origin. Hatcher, Fraas, 
and recently Darton have also set forth strong reasons for fluviatDe 

a PreUmLnary report on the geolog; and undergraund-waler raaourcea of the ceotraJ Great PIsIds: 
Pro(, Paper U. S. GboI. Survey No. S2, 1905, pi. aS. 

f- ThB history of opinion Is luUy traced In Davla, W. M., The tresb-water Tertiary tormaUonB ol the 
Rocty Mountain ngion: Proc. Am. Acad, Arts and Sci., vol. M, No. 17, March, 1900, pp. S<6-373. 

•^Johnson, W.S., The High Plains and their utilization: Tweaty-flrst Ann. Kept. U. S.Geol.Survey 
pt. 4, 1901, pp. 601-T4I; Twenty-secoDd Ann. B«pt., pt. t, 1902, pp. 63I-a6e. 

' Ollbert, a. E., The uDdergreuad waters ot the ArlLanaas Valley In eaatoni Colorado: ( 
Ann. Kept. U. 8. QkA. Survey, pt. 2, pp. «53-«0I. 



OF WESTBBN NORTH AMERICA. 27 

or river-channel and flood-plain origin; for river-channel, backwater, 
l^oon, and shallow-lake origin (Fraas); for flood-plain and eolian 
origin (Hatcher, 1902") of various portions of these scattered deposits 
(Darton) . 

Among paleontologists, Matthew (1899, i" 1901 '') espoeially attacked 
the lacustrine theory of the origin of the White River clay of Colorado 
on both paleontologic and geologic grounds, and set forth cogent rea- 
sons for a diametrically opposed eolian theory, comprising a river and 
flood-plain origin for the sandstones, and a partly backwater and 
lagoon but chiefly eoUan sedimentation for the clays. His paleonto- 
logic analysis shows that the fine Oligocene clays contain chiefly the 
terrestrial and plains animals and thus represent overflow and still- 
water formations, while the sandstones traversing these clays are con- 
temporaneous, but contain chiefly the forest and fluviatile animals, and 
thus represent rapid-water (river) formations. 

The paleontologic evidence taken alone strongly favors the theory 
of dry-land sedimentation of the so-called OUgocene clays, because the 
entire fauna is terrestrial, while aquatic types are wholly wanting. 
Thus Matthew ^ concludes in favor of an eolian theory: 

But the nature of the oi^anic remamB, where such have been found, eeems to 
definitely negative the idea of any vHst lake, and to favor less the theory of a series of 
lagoons and swamps than that of a broad, open, and comparatively dry plain, with shal- 
low, probably wooded rivers meandering over parts of it, and deposita partly or chiefly 
brought by rivers, but in laige part redistributed over llie h^her sodded graas land by 
the agency of the wind. This would mean an approximation to the present conditions 
of climate, though probably not so dry aa that of the rf^ion now is. 

Osbom,' after a personal survey of the South Dakota Oligocene and 
lower Miocene section (see PI. Ill) in 1906, in general supports the 
view of Matthew and Hatcher that the lacustrine theory is entirely 
untenable, but he holds that the eolian theory for the White River OUgo- 
cene deposits is also untenable. The chief geologic evidence against 
the eolian theory aa applied to certain areas of the Oligocene or Brule 
clay (Oreodon and Leptauchenia zones) is the absolutely regular horizon- 
talbanding, miles in extent, whichpoints to depositionintranquilsheets 
of water. In fact, this banding of the light-colored finer portions of 
the Brule clay, and even of portions of the underlying Chadron forma- 
tion, militates as strongly against the eolian theory as the paleonto- 
logic evidence militates in favor of it. These buff, horizontally banded 
strata are, on certain levels, abruptly traversed by grayish to greenish 

a Hatctier. J. B., Origin ol the Ollgoceneand Miocene deposits of the Qreat Plains: Proc. Am. Fhllos. 
Sdc., vol. 41, 1902, pp. 113-132. 

» UaCtbew. W. D., Is the White RItbt Tertiary an eoUan lormatlooT Am. NMuraUst, vol. S3, ISBB 
pp. MS-4D8. 

"Hsttbew, W. D., Foaailmuimuils of the TenlHryolaorthetislflm Colorado: Mem. Am. Uus. Nat. 
lllst., vol. 2, pt. 7, 1901, pp. 35B-368 (conditions o( deposition) . 

dOp. dt.. 1901, p. 364. 

' Tertiary mammal horizons of North America: Bull. Am. Mus. Nat. Ulst., vol. 23, 1907, p. 337. 
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river-channel beds of coarse materials, from 700 feet to a mile in 
width, with an easteriy direction. The most tenable theory at pres- 
ent seems to be that of periodic overflow deposition in very shallow 
sheets of water, too transitory or seasonal to support any of the 
aquatic animals— such deposition as is left by the annual overflow of 
the Nile, for example. The nilometer at Roda shows an annual accu- 
mulation of silt of 0.12 centimeter, equivalent to 12 meters in ten 
thousand years, as cited by Lyons ' and by Beadnell.'* 

Sumjnary.— The sum of the present opinion appears to be this: The 
topography of the Plains Region was in Oligocene to lower Pleisto- 
cene time, as now, level or gently undulating, not mountainous. 
On the gentle eastward slopes of the Rocky Mountains and the Black 
Hills were borne broad streams with varying channels, backwaters, 
and lagoons, sometimes spreading into shallow lakes but never into 
vast fresh-water sheets. Savannas were interspersed with grass- 
covered pampas, traversed by broad, meandering rivers which fre- 
quently changed their channels. 

This accounts for the presence of true conglomerates, true sand- 
stones, calcareous grits, gypsum, fine clays, fuller's earth, fine loess, 
eolian sands, and even, far out on the plains of Nebraska " and Kansas, 
widespread deposits of volcanic dust, wind borne from distant craters 
in the mountains to the west and southwest. In the early Oligocene 
and Miocene the deposits were chiefly fluviatile or river sandstones 
and conglomerates interspersed with fine flood-plain or overflow 
deposits, perhaps locally lacustrine, partly of volcanic ashes. This 
interpretation is presented in PI. Ill, which has been prepared to 
show the actual relations of the unstratified stream-channel deposits 
to the finer and partly stratified surrounding deposits. These rocks 
still await petrographic analysis. 

As the desiccation or aridity of the country increased, the moun- 
tain-fed rivers became smaller and narrower, while the eolian or loess 
deposits apparently became more common, beginning in the middle 
Miocene. -The deposits also became more and more restricted in 
extent as the Miocene advanced. The newer river channels cut down 
into the older series, thus using the erosion materials a second time. 

Thus geology and petrography unaided fail to complete the picture. 
Paleontology goes hand in hand with these sciences to restore the true 
picture of former conditions on the Great Plains; but far more exten- 
sive petrographic and paleontologic investigation than has as yet been 
made is necessary to establish a final geologic theory. 

o Lyons, H. 0., The physlogiBphy at the River Nile and lla basin; Survey Dept. Egypt, Cairo, 1B08, 
pp. ai3, 317, 331. 

t Beadnell, H.J. L. , The lopograpbywd geology of the FayflmptDvlnoeolEeypl: Rurvey Dept. Egypt, 
Cairo, 1905. p. 80. 

(See Barbour, P.. H., The deposits of volcanic aah In Nebraska: Proc. Nebraska Acad, f^l., 1804-05. 
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CHAPTER II. 

TIME CORRELATION OF MAMMAI^BEARING HORIZONS. 

THE TWO GRAND PROBLEMS. 

American correlation. — The first problem is the chronologic correla- 
tion of the purely fresh-water American horizons with one another, a 
problem which in exact form has hitherto made slow progress owing 
to the very loose methods of collecting fossils for purely anatomic and 
descriptive purposes without closely reconling geologic levels and 
other geologic data. Now, thanks to the revival of the more exact 
methods which characterized some of Hayden's and Leidy's work on 
the Great Plains, there is promise of very rapid progress. Among 
paleontologists we are indebted to Scott, Wortman, Matthew, Gidley, 
Merriam, Sinclair, and others, but especially to Matthew's very accu- 
rate and complete manuscript faunal lists.' Accurate faunal leveling 
began with Hatcher's explorations of the Chadron formation (Tiior 
notherium zone), and has been the invariable rule of the American 
Museum expeditions since 1901. 

American and Eurasiatic correlation. — The second problem, fol- 
lowing especially Cope (1879-1884), Marsh (1891), Filhol (1885), 
Scott (1888-1894), and Osbom (1900), is the approximate chronologic 
correlation of American horizons with Eurasiatic vertebrate horizons 
and thus indirectly with European marine invertebrate horizons, 
which is rendered possible by the wcil-known alternation of marine 
and fresh-water horizons over large parts of central Europe. This 
indirect method of correlation with the European marine stages is 
facilitated by the partial alternation of marine and fresh-water forma- 
tions in Florida, as studied by Dall,* and will in time establish the 
western American Tertiaries in the geologic world time scale. 

When these two grand problems of American correlation and of 
American-Asiatic-European-African correlation are worked out we 
shall be able (1) to establish a complete and very accurate geologic 

The most thorough previous correlation oltbeAmericaDTBrtlartea is tliRtotUattliBW,A.provlsIonal 
clftSBlflnatlon oi the frosb-wiitBr TBrtiary ot the Weal: Bull. Am. Mas. Nat. Hist., vol. 12, 1899, pp. 19- 7S. 
At this writing a sei^ond edition Is In picparatlon, the partly completed manuscript of which has been 
placed at tuy servloebj' Doel or Matthew. It will be printad herewith aBanappendli.— H. F. 0. (See 
pp. 91-120.) 

1 Dftll, W. n., Qeologlcal results ol the study ol the Tertiary fauna of Florida, 1886-1903: Trans. Wag- 
ner Fibs Inst. Scl., Philadelphia, vol.3, pt.«,lM3, pp. l.M[-lfl». Also, A table of the North American 
Tertiary horteons, correlated with one another and with those ot western Europe, with annotations: 
Eighteenth Ann. Kept. U. 8. Oeol. Surrey, pt. 2, 1898, pp. S23-31S. 
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time scale for the entire Tertiary and (2) to speak with precision re- 
garding the time of successive migrations, and it is possible that we 
shall be able (3) to describe our subdivisions in the terms of the stages 
or Stages employed by our European confreres. These are results 
toward which the writer has worked for many years in cooperation 
with many colleagues in this country and in Europe." 

METHODS OF CORRELATION. 

Bases. — The faunistic bases which the writer laid down " for Euro- 
pean and American correlation were: 

1. Percentages of common genera and species. To this families 
should now be added. 

2. Similar stages of detailed evolution in related forms, e. g., 
Eocene Equidee, Miocene Rhinocerotidee. 

3. Simultaneous introduction of new forms by migration, e. g., 
Mastodontinse in middle Miocene. 

4. Predominance or abundance of certain forms, e. g., Pnymery- 
cocJuBTus in all lower Miocene deposits. 

5. Convergence and divergence of faunce in comparison with Europe 
and Asia, e. g., lower Eocene, Oligocene, middle Miocene, middle 
Pleistocene. 

0. Extinction of certain forms, e. g., Steneqfiber, in lower Miocene. 
Similarly the correlation of the Tertiaries of northwestern America, 

inter se, should be based on — 

' 1. Presence of similar specific and generic stages, 

2. Evidence of similar local evolution. 

3. Dominance or scarcity of similar animals in the fauna. 

4. Disappearance or apparent extinction of similar forms. 

5. First appearance of similar forma. 

It should always be kept in mind that the appearance of a new 
mammal in any of the Plains of Mountain deposits may occur by 
migration from one of several possible sources, namely; 

1. From the unknown Plains or Mountain regions of eastern North 
America or of northern North America. 

2. From Europe or Eurasia as a whole. 

3. From South America. 

4. From Africa. 

5. From Australia via Antarctica. 

Sources of error.— This kind of evidence as to the bases of correla- 
tion is subject to two great limitations: 

First, imperfections in our records, of the possible presence of 
animals which have existed in contemporaneous, earlier, or later 
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geologic stages, but which have not been discovered, owing to the 
accidents of deposition or to occurrence remote from centers of 
deposition. We are too apt to assume the absence of a mammal from 
the entire continent because it has not been found in what was form- 
erly a very restricted region. Many forms previously considered 
absent from the American Eocene have very recently been dis- 
covered; for example, the animals related to the armadillos or 
Daaypodidie, found in the Bridger. 

Second, the different contemporary conditions of environment and 
habitat in different parts of the Mountain Region and of the Great 
Plains Region; that is, local differences of habitat, differences of 
longitude or of east and west distribution, diiferences of latitude 
or of north and south distribution, differences of altitude or vertical 
distribution — in short, such differences as exist to-day — render correlar- 
tion somewhat uncertain. Thus, the arboreal primates are very 
common in the Eocene Mountain deposits, but no trace of them is 
found in the Oligocene Plains deposits. 

PBEDIMINARY CORRELATION OP THE EOCENE ANO 
OLIGOCENE MOUNTAIN DEPOSITS. 

Correlation of the Mountain Region basins of the Eocene is of 
necessity almost exclusively paleontologic owing to the uniform 
repetition of similar geologic and petrographic conditions in the 
successive basins. 

These deposits, as above noted, fortunately overlapped each other 
in time — -that is, before one ceased, its more or less distant neighbor 
began. The writer and others are now collecting exact data for 
estimating these overlaps. Fig. 1 presents the writer's preliminary 
correlation of the Eocene and Oligocene deposits, based on personal 
studies, with the able cooperation of Matthew, Granger, Sinclair, 
Loomis, and others. 

The chief omissions, which will soon be supplied, are (1) the Fort 
Union section of south-central Montana (Douglass, 1902), with its 
fauna equivalent to the Torrejon; (2) the typical Wasatch iConj- 
fhodon zone) section, Evanston, Wyo. (Veatch, 1907); and (3) the 
typical Wind River section (Loomis). 

PRELIMINARY CORRELATION OF THE OLIGOCENE TO 
LOWER PLEISTOCENE MOUNTAIN AND PLAINS DE- 
POSITS. 

The geologic and paleontologic correlation of the Great Plains 
deposits above the lower Miocene is even more difficult owing (1) 
to the irregular nature of these deposits and (2) to our present lack 
of exact analysis of the mammalian fauna. 

The accompanying preliminary correlation (fig. 10), based on the 
researches of Hayden, Leidy, Cope, Scott, Wortman, Merriam, 
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32 CENOZOIC MAMMAL HORIZONS OP WE8TEBH NORTH AMERICA. 

Gidley, Douglass, Peterson, Sinclair, and others, was prepared by 
Dr. W. D. Matthew (May, 1906), and embodies some alterations 
by the writer and by Messrs. Peterson and Douglass {Sept«mber, 
1906). It is to be regarded as largely tentative and incomplete. 
Figs. 1 and 13 bring out the following twofactsof chief importance: 
First, that through examination and comparison of the fauna of 
local horizons we shall probably be enabled to establish a complete 
continuity of mammalian life for the entire Eocene, Oligocene, and 
Miocene epochs of North America in a general sense, but this will 
never apply to the fauna of the whole Tertiary of either the Great 
Plains or the. Mountain Region. 

Second, that while the chief faunistic lacunae at present are in the 
American Pliocene, these gaps will probably be filled as time goes on, 
just as the great lower Miocene gaps which existed only a few years 
ago have been filled. 
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CHAPTER III. 

WESTERN AMERICAN CENOZOIC HORIZONS. 

EOCENE. 

I. ETB8T FATTNAL PHASE. 

Archaic UeBozoic mamnmlii with pftrtl7 South Americ&ti, partly European 
afflnitlea. 

POST-CRETACEOUS OR BASAL EOCENE (EUROPE, STAGE THANETIEN). « 

1. PtnEBCO FOBKATIORi P01TKA8T0D0N ZOKE. 

(Fig. 1; PI. I.) 

HOMOTAXIS. 

North America. — Puerco formation (500 feet), San Juan basin, 
northwestern New Mexico. 

Sovili America.— A. contemporary or previous (i. e., Cretaceous) 
land connection with South America is indicated by the occurrence of 
similar mammals in the Notostylopg zone, Upper Cretaceous or basal 
Eocene of Patagonia. Additional evidence of South American con- 
nection is afforded by the subsequent occurrence of animals related to 
the Edentata-Dasypoda in the American middle Eocene. 

Europe. — No European mammal fauna of this earliest stage is 
known, therefore no conclusions as to homotaxis can be drawn. It 
corresponds broadly to the Than4tien. 



In New Mexico and Montana are found small archaic mammals" 
evolving from Cretaceous, Jurassic, and Triassic ancestors. Multi- 
tuberculata, which originated in the Triassic, 3 families. Two orders 
of archaic ungulates — (1) Amblypoda-Periptychidie, (2) Condylar- 
thra-PhenacodontidsB. Archaic Camivora-Creodonta, 3 families 
(1) OxyclsenidfE, (2) Mesonychidse-Triisodontinfe, (3) Arctocyonidie 

oThroughout thia papnr tliB Fnncti stagBB Than^tlen, Spamaclen, etc., are Inserted merely to indl- 
CRte approitmate homotula with Europe. 

6 Matthew, W, D.. A reyislon of the Puereo laiina: Bull. Am. Mua. Nat. Hist., toI. 9, 1897, pp. 258-3; 
(S*e Appendii: to thle voluma, p. 91.) 

4^ In the (oHowId^ pa^a " Ajchale mammala " Include memben of the ordere If ultltubeiculata, iSt 
■uplalla, Ineectlvoia, Tteniodonta-Edentata, Ambl^wda, and Cond;lBrthra, of Ueaoioic origin (b«i 
3feittithtTUi Oabom) and typli^lly of UesoEOlc and early Eocene radiation. "Modernized mammali 
Incdide members of the orders Primates, Carnivora, Flaaipedla, Rodentia, HyraiDldea, Proboeddea, 
Perlaaodactrla, and Artiodactyla, which are In general ol higher type and ol Cenozolc origin and radia- 
tion (hence CenttUieria Osbotn). 

56092— Bnll. 361—09 3 88 
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{ClsETwdon pratogonoides) . Edentata-Tseniodonta, with enameled 
teeth, 2 families: (1) StyUnodontidse, (2) Conoryctidfe, 

SumrnaTy of genera and ipeciet. 

Gxnsra. Species. 

Archaic Triaaaic mamnialu 3 5 

Archaic Cretaceoua mammala 15 24 

Tutal arrhaic mammak 18 29 

Modernized or distinctively Tertiary mammali) 

The Puerco is & fauna wholly, of Mesozoic origin, and mostly 
destined to disappear; not a single representative or ancestor of any 
existing order of Tertiary manmials is certainly known. Cope'a 
opinion" that many of these mammals were ancestral to the modern- 
ized mammals lacks direct confirmation at present. Other paleontol- 
ogists, however, are inclined to connect certain of the creodont 
families with the modern Camivora. These and other ancestral con- 
nections may be demonstrated in future. 

Negatively, therefore, the Puerco is distinguished by the absence 
of primates, rodents, true carnivores, specialized insectivorea, arti- 
ddactyk, perissodactyls, etc.'' This generalization has hardly less 
important bearings on paleogeography than on paleoaoology. 

li. TOBBEJOIT FORltATIOHi PAHTOLAIIBDA ZONE. 

(Fig. 1; PI. I.) 

HOHOTAXI8. 

North America.~l, Torrejon formation (300 feet), continuous with 
Puerco formation, San Juan basin, northwestern New Mexico. 2, A 
portion of the Fort Union formation, Montana (Douglass,^ Farr), 

Europe. — Than^tien or Cemaysien. Homotaxis with Euro[>e is 
indicated by the common presence in France and North America of 
similar stages of evolution in representatives of 3 families, namely, 
(1) Flagiaulacidse, (2) Arctocyonidse, and (3) Mesonychidse-Trijso- 
dontime. Other identifications are very uncertain,'* 

FAUNA," 

Like the Puerco, this is almost exclusively a Meaozoic fauna, 
destined to become extinct during the Eocene. The known excep- 

n The opportu theory ottho nonaneestry of the Puen»-Torre)on to the modem Isima was developed ' 
bytbe writer, In Rlae al tbe MunmsUa In North America: Proc. Am. Assoc. Adv. Scl., vol.42, IS93 (ISM), 
p. 211. See also Ten years' progress In mammalian paleontology: Compt. Rend. B" Cong. Int«m. 
HKitogle, Beme. 1904, pp. S6-113. 

t Certain Incomptetelf koawn mammals |e. g.. species of J/ioclKnu and Fenlacodon, ol tbe Oiy* 
cleenldie ajid Uliodeotldse) may prove to be Insectlvora.— W. D. U. 

iDouglaaa, Earl, A CTetaceoua and lower Tertiary section In south-central Uontana: Proc. Am. 
Phlloa. Soc., vol. «, pp. 207-2M. Also, New vertebrates from the Montana Tertiary: Ann. Canwgle 
Museum, vol. 2, 1903, pp. 145-200. 

dOsbom, II. F.. A review or (be Ceraay^an Uammalla: Proc. Acad. Nat.Sd. Philadelphia, Hay fl. 
iseo, pp. Sl-62. 

«Hatthew,W.D., A revision ol the PueiDO fauna; Bull, Am. Uus. Nat. Biat., vol. S, 1897, pp. 2W-XQ. 
(See Appendix to this volume, p. 01.) 
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tions in surviving types are the pro-Carnivora^-Miacidse, which first 
appear at this stage. Others will be discovered. 

Mammals of larger size, mostly evolved from the Puerco mammals. 
Last survivors of the Multituberculata. Edentata-Tteniodonta of 
larger size. Of archaic Ungulata, 2 orders and 3 faraihes: (1) Con- 
dylarthra-Phenacodontidifi, (2) Amblypoda-Periptychidte, (3) Ambly- 
poda-Pantolambdidse, Of the latter, Paviolamhda is supposed to be 
ancestral to the Coryphodontidfe of the Wasatch. Camiv()rar<^reo- 
doDta, 4 famibes: (1) Mesonychi^fe- THwodow and IHssacus, (2) Oxy- 
clfenidfe, (3) Arctocyonidse, (4) pro-Camivora-Miacidte. The primate- 
like Indrodon and aberrant Mixodectes are of unknown relationships; 
they are possibly Insectivora. 

Summary of yenera and tpecks. 

Genera. Spectee. 

Archaic Triassic stock 3 . 4 

Archaic CretaceouB stock 21 36 

Total archaic atock. - 24 40 

Modernized Tertiary stock 1 1 

U. SECOND FATTITAX. PHASE. 

Firmt iikodermzation — Invaadoii of fhe archaic by the modem faiut& — South. 
Ajneiicau land conjiectdoii interrupted — Close faunal connection with west- 
ern Europe — Initial diminution of the archaic fauna in competitaon witli 
the modem. 

In the period of the deposition of the Wasatch formation, inde- 
pendent deposits were formed in western Wyoming, northern Wyo- 
ming, and New Mexico. A momentous change occurs, namely, the 
sudden modernization of the mammalian fauna of the Mountain 
Region. 

In the San Juan basin of northwestern New Mexico, after a barren 
deposition interval of only a few hundred feet between fossiliferoua 
Torre j on and Wasatch levels (see fig. 1), there appear represent- 
atives of ancestors of 4 or 5 modern orders, including 1 1 new families, 
2 of which persist to the present time. European paleontologists 
usually attribute the origin of this modernized fauna to North Amer- 
ica, but this is without evidence; it is certain that it originated 
neither in South America nor in Africa. There remain four possible 
sources; these animals may have entered the centra! Mountain 
Region by migration (1) from the Great Plains Region, or (2) from 
the more northerly American Mountain Region, or (3) from the 
northerly Eurasiatic Region, or (4) from the northerly American- 
Asiatic land mass. 

In the writer's judgment, the simultaneous and sudden appearance 
in \orth America, latitude 40°, and in western Europe, latitude 
50°, of a similar fauna favors the fourth theory, namely, that of the 
intermediate or North American-Asiatic or Holarctic origin of this 
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fa,una. It must be remembered that while there is no evidence of a 
"Holarctica," or north polar continent, similar to the "Antarctica" 
in the south, there was certainly a great American-Asiatic land mass 
to the north, of temperate climate, favorable to the evolution of mam- 
malian life. The vast region between paralleb 50° and 70" ia also a 
terra incognita until the mid-Pleistocene. There is every reason to 
believe that even to the north this region was through the whole 
pre-Pleistocene Tertiary l%hly favorable to mammalian life, other- 
wise the faunal continuity between Europe and western America 
could not have been sustained by constant intermigration. Wort^ 
man" and others have especially advocated the theory of a northerly 
or Arctic Circle land mass as a source of evolution and southward 
migration. 

The actual origin of this modernized fauna which suddenly appears 
in North America and Europe is, however, hypothetical and will not 
be determined until Eocene fossil manunal beds in northern portions 
of America and Asia shall have been discovered. 

LOWER EOCENE (EUROPE, fiTAGES SPARNACIEN, YPRtSIEN). 

8. WASATCH FOKltATIOH; COKYPHODON ZONE. 

(Figs. 1-4; PI. I.) 

HOMOTAXI8. 

Norih America. — 1, lYpical Wasatch (in part), Knight formation, 
Veatch (1,750 feet), western Wyoming. 2, Wasatch near Black 
Buttes, Washakie basin, Wyoming. 3, Wasatch of the San Juan 
basin of northern Xew Mexico (1,500 feet). 4, Wasatch of the Big- 
horn Basin of northern Wyoming (2,391 feet, Loomis). 5, Lower 
portion of the Huerfano formation near Spanish Peaks, Colorado. 

South America. — No South American affinities are known. 

Europe. — Strong affinities with the fauna of the 6tage Spamacien 
and especially with that of the ^tage Yprfoien (Londinien) of France 
are found in the evolution of the archaic and in the sudden appear- 
ance of the modernized Mammalia of this period. 

The Spamacien (Soissonais infSrieur) includes in France the 
deposits of Soissons, Meudon, and Vaugirard; in England, the Wool- 
wich beds and lower Ijondon clay. The Ypr^sien (or Soissonais 
sup6rieur) of France includes deposits of Ay and Cuis. It is in this 
stage that the European modernization becomes marked by the 
sudden appearance of Primates, Rodentia, 2 families, Perissodactyla- 
Lophiodontidss and Artiodactyla-Dichobunidse. The Lut^tien inffi- 
rieur of France corresponds approximately with the American upper 
part of the Wind River. 
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The general parallelism of France, England, and North America 
3 indicated (1) by the common presence in this period of similar 



stages in archaic mammals — among Creodonta : Mesonychidfe, Palspo- 
nictidse, ?Arctocy<midte, and Oxyspnidie; among Amblypoda : Cory- 
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ptiodonti<l«e ; (2) by thp sudden appearance of the tour Tertiary 
orders, («) Perissodaetyla-Equidse " and -Lophiodontidfe, (fc) Artio- 
dactyla, (c) Primates, and id) Rodcntia. 



'ippua (very abundant) 

iemodon 

Vphoden (reryabundanQ 



Be/rfqoj 



Fio. 3.— Compoalte oolummir tectlOQ of the Wasatch formatfon ol Bighorn Bttaln.complled froranec- 
tions hj- F. B. Loemls. See seotlon A, flg. 2. Total thickness 2,391 feet. 

Other faunal identifications with Europe are premature. With the 
exception of the archaic and modem families above listed, the Euro- 
pean families and subfamilies are different from the American so far 

i The Eqiiidee ol the SpnroBCien axe more primitive than the oldest Wasatch epedes. 

oo;;lc 
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as known, H. G, Stehlin" supports the writer's opinion that ROti- 
meyer was too prone to identify European with Americfm genera; 



Hj ofSohippus index 



" Coryphodon rodiana 



Fio. 4.— Colunutar aectlon ■howlngttw nlatlona ol the tn>ica] Wasatch section, Including the Knight 
lormation (noar Knight, W70.), or Coryphodoii zone, to the overtylng and underljliig lonnations. 
After Veatch, IQOT. 

this removes the American resemblMices supposed to exist in the 
Egerkingen fauna, which now proves to be of middle Eocene (Lut6- 

<i In letter dated Julj, 1906, Doctor StahUn states that be la himeelt engaged Id the etudf of migia- 
tions. He, too, finds strong evidence (1) lor a lower Eocene connection between America and 
Europe, (S) lor ayery decided separation during the middle and upper Eocene, and (3) lor a renewed 
connection in the Oligocene and a great Ollgocene fauna! interchange. Tbeae are substantial!]' the 
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tien) ^e. The supposed "americoitls," Calamodon, Pkenacodus, 
Euprotogonia, Hyopsodus, Pdycodua, etc., are all European animals. 

FAUNA." 

The Wasatch fauna consists of a nearly equal or half-and-half min- 
gling of (1) archaic mammals, including 9 families which evolved 
from the Puerco-Torrejon fauna, with (2) ancestors of the modern- 
ized mammals, including 11 families. From this stage onward we 
have to consider these two great elements in the fauna separately, 

SuvvmaTy of genera. 

Peraifltent Triassic mammals 

Other aroliaicfr mammals 22 

Moilerni?^ mammals. 16 



There is thus at this period a slight predominance in number of 
the archaic mammals over the modernized, but the individual 
archaic mammals greatly predominate in size. 

The suTviviTig archaic or Puerco-Torrejon mammdls. — Some of 
these mammals, such as Coryphodon, are of large size. The Multi- 
tuberculata disappear. Of the Edentata-Tfeniodonta, 3 genera of 
the Stylinodontidte. Of the archaic ungulates, 2 orders and 3 families 
are represented: (1) Amblypoda-Coryphodontidffi, as successors to the 
Pantolambdidje; (2)Condylarthra-PhenacodontidEe; (3) Cond ylarthra- 
Meniscotheriidse. Of the Creodonta-Camivora there occur 5 families, 
namely, Palseonictidfe, Oxysenidse, Hyfenodontidse, Mesonychidse, 
and Arctocyonidffi ; 4 of these families also occur in France. 

The Ternary or modemizea mammals. — ^These mammals are mostly 
of small size, including the successors of the supposed Torrejon pro- 
Camivora-MiacjdEe, a family which now branches out into several 
genera. No other Camivora. True Primates, 2 families, Rodentia, 
1 genus, Param/ys with sciuroid teeth. Insectivora, 2 or 3 families, 
one of doubtful affinity. Among Ungulata-Perissodactyla, 3 families, 
Equidse, Tapiridte, Lophiodontidsa. Among Ungulata-Artiodactyla, 
1 family. There are thus 1 1 families among the modernized mammals, 
only two of which (Equidie and Tapiridte) persist to the present time. 

a Osbom H. F., and Wortman, J. L.. FossIJ mamDials of the Wasatf h and Wind River beds: Bull. 
Am. MuB. Nat. Qlst.. vo[. 4, ]ffl2, pp. 81-147. 

Loi>niis.P. B- OrlgtQOJthe Wasatcndeposite; Am. Jour. e«f., May, 1B07, «h aer., vol.23, pp. 356-364. 
See Appendix, p. 91. 
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Sa. TASATCH OF THE BIOHOBH BASIS. 

(Figs, 1-3; PI. I.) 

Loomis" examined the Wasatch of the Bighorn Basin when the 
question of epicontinental versus lake deposition was uppermost in 
the minds of all. By a careful analysis of the fauna, combined with 
an exact study of the geologic section, he dismisses the lake theory 
entirely. " Geologically, as displayed in fig. 3, the section is 2,391 
feet thick, divided into lower, middle, and upper levels, all showing 
flood-plain rather than eolian characteristics, but indicating different 
rates of deposition and consequent longer or shorter exposure of the 
deposits to the sun and air. Only the middle or red beds are de- 
cidedly fossiliferous, and they seem to have been exposed longest to 
the air, leavii^ the bones of terrestrial animals on the flats; they con- 
tain the typical Wasatch, Corypkodon and Eohippus fauna. Oc- 
casionally truly aquatic animals, such as crocodiles, fishes, and turtles' 
becoming stranded or inclosed in lagoons far from the river, mixed 
their remains with those of the land animals. Loomis's approximate 
analysis of the natural habitat of the total vertebrate fauna is: 
Aerial, 3 per cent; terrestrial and arboreal, 77 per cent; amphibious, 
12 per cent; aquatic, 10 per cent. 

Remains of Eohippus, typical of a plains or partly open country, 
alone make up 32 per cent of the total fauna. To this should be 
added the Perissodactyla-LophiodontidaB-Helaletinse (Heptodon), and 
some of the Condylarthra-Phenacodontidie, which are very light- 
footed forms. The primitive Titanotheriidse (Lambdothenum) of the 
period may have been hard-ground dwellers, because their feet are 
more slender and contracted than those of the modem tapir, while the 
Amblypoda-Coryphodontidse were certainly marshy-land dwellers 
and perhaps partly amphibious or stream dwellers, although this is far 
from demonstrated. As to relative age, Loomis fixes very positively 
the typical American Wasatch fauna, or chief Edhippus and Cory- 
pkodon zones of Tatman Mountain, as only 100 to 200 feet below the 
beds of the Buffalo basin. The deposits in the Buffalo basia show, 
1,000 feet below the summit, a decided approach if not actual syn- 
chronism to the lower deposits of the Wind River valley in the presence 
of Lambdothenum and in the progressive evolution of the Equidte. 
Thus there is a prolonged time overlap between the deposits of the 
Bighorn and those of Wind River. (See fig. 1, p. 23.) 
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ip. THIRD FATTNAI. PHASE. 

Atwence of fresli EurEMlatic or northern migratioii — Coiitliiuation of sim- 
ilac environmental conditions— Descendants of the archaic and modern-^ 
ized manunalB slowly evolvlngr and competang with one anotber during 
the loirer and middle Eocene— Gradual elimination of the archaic mam- 
mals— Gradual divergence frona the fauna of western Europe, and liitle 
evidence of faunal interchange — Eatahliahment of North American 
TTngulata-Artiodactyla. 

First, as to progressive divei^ence from Europe, it appears that by 
the middle and upper Eocene stage there were 13 non-European 
families of mammals in America and 11 non-American families of 
mammals in Europe, as against 4 European-American families com- 
mon to the two regions. This independent and divergent evolution 
was not sufficiently emphasized until suggested by the writer in 
1899." It points to the existence of prolonged geographic or climatic 
barriers between the two continents. 

Second, as to the continuously uniform conditions in the Mountain 
R^ion, Matthew has especially called attention to the prolonged 
uniformity of life, alike as to families, genera, and species, throughout 
the Wasatch, Wind River, Huerfano, and lower Bridger depositions. 
To this uniformity may be added the Uintatherium zone of the 
Bridger and Uinta basins; in other words, the uniformity extended 
from the lower to the upper Eocene. The changes are those of modifi- 
cation and development rather than of breaks in the balance of nature 
by migration and extinction. 

Our conclusions are as follows: (1) Environment: Uniform and 
favorable environmental conditions prevailed during this long period 
in the Mountain Region, with the competition and balance of nature 
somewhat in favor of the modernized families, all of which persisted, 
while 5 families of the archaic mammals disappeared. (2) Evolution: 
Both the archaic (Cretaceous) and the modernized mammals in- 
creased in size and in variety; the changes are chiefly specific rather 
than generic. (3) Gains and losses: Two archaic families of Unguiata, 
Condylarthra-Phenacodontidse and Amblypoda-Coryphodontidfe, ap- 
peared for the last time (Wind River); 1 new archaic family, the 
Amblyjwdar-Uintatheriidai, appeared (Wind Ri^er); 2 families of 
archaic Camivora-Creodonta have disappeared (Wasatch), namely, 
PaiteonictidEe, Arctocyonidse; '' the progressive Camivora-Miacid^ 
are represented by 5 genera; 1 new family of Ungulata-Perissodactyla 

aOsborn, H. F,, Cormlat ions between Tertiary mainnial horiioQs of Europe and America, etc.: Ann, 
New Yorli Aca4. Scl., vol 13. 1900, p. IS. "Fourtli, tbe Liguriea Is widely distinct laiuialiy Irom the 
American upper Eocene or tinta, willi whicti It baa been berefolore parailBJed. At no period ol ttie 
Tertiary were tbeNearctlc and Palsarctlc launs so widely separated. In [act, a much wider gap exists 
between western America and Europe in tbe upper Eocene (ban in tbe preceding lower and middia 
Eocene or in ibe succeeding loirer Ol^oceue." 

« Mattbew considers tbat Ilie Arctocyonlde sliouid not lie placed among the archaic mammals, but 
rather tbat tbey reprewDt an early branch ol the Hro.0 amlvora. 
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appeared (Wind River), namely, the Titanotheriidee, possibly entering 
from the Great Plains Region to the east; 1 new family related to the 
Edentata-Dasypoda, or armadillos, appeared (Bridger), probably 
from the southern Great Plains R^on and originally of South 
American origin before the Cretaceous land connection was inter- 
rupted. 

LOWER TO MIDDLE EOCENE (EUROPE. fiTAGES YPRfiSIEN, LUTSTIEN 
INPfiRIEUR). 

4. WHn) BIVXB rOBIUnON;<< UHBSOTHBBIdK ASIt BATHT0F8I8 ZOmBB . 

(Figa. 1-2, 5; PI. I.) 
HOMOTAXIS. 

North America. — 1, Wind River formation, Hayden, of northern 
Wyoming (1,200-1,400 feet). 2, Upper half of the Wasatch of the 
Bighorn Basin. 3, Lower part of Huerfano formation. Hills, of 
Colorado (200? feet). 

Europe {.provisional). — The lower part of the Wind River is partly 
equivalent to the Yprfaien of France. The upper part of the Wind 
River is approximately equivalent to the Lut4tien inffirieur of France. 



The mammals of the Wind River ijeposition are less fully known 
than those of either the Wasatch or the Bridger. So far as these 
three fauns can be separated at present, the lower Wind River pre- 
sents closer afhnities to the Wasatch, while the upper Wind River 
presents closer affmities to the Bridger. The balance of life between 
the archaic and the modernized mammals continues to be nearly 
even. 

Summary of genera. 
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Faunal sequence to ike Wasatch. — Partial faunal continuity with, 
and partial sequence in time to, the Wasatch is sustained (1) by the 
presence of 19 genera in common with the Wasatch, (2) by the rarity 
or absence of a few Wasatch animals, (3) by the occurrence of more 
advanced (or post-Wasatch) stages of evolution in a large number 
of descendants of animals which persist from the Wasatch, (4) by 

" Tbts nctloD bus been revised b; Frol. T. B. Loomls, Ihemost recent eiplorer ot Ihia \HuAa. 

tLoomii.F. B., Original the Wantcli deposits: Am. Jour. Sci, Uay, im7,4thser.. vol.23, pp. 356-364. 
Cope. B. D.. Tbe badlands of tbe Wind River and their [Miiia. Am. Natnrallst.vol. U, 1880. pp. 74&-748. 
SeeAppandli, p.91. 
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the significant fact that some of the more advanced st^:es occur in 
the base of the Wind River deposition, (5) by the introduction of 
true primitive Dinocerata or uintatheres, of primitive titanotheres, 
of new Primates, which are not found in the Waaatch, and of more 
highly specialized Tteniodonta I8tyli7wd<m). 

The writer's conclusions at present are (1) that the base of the 
Wind River, or Wind River A, began to be deposited during the 
upper stage of the Wasatch deposition of the Bighorn Basin (seep. 41), 




W*»OtfC^) 



Triiemnodon 



Cory^utdan 
Bathyopah 
Phenaanius 
Eohippus 
I,ambdoOteraiiTi.^-'''>Maiheriuin 

Hyop30i/ua 



Fid. S.—CoKuutiu' secUon of the Wind Blver btisin, baaed on the desnipttona of Ilayden and Loomls. 
The horlsontal bajidtng of the red and greenlall-grBr bedB lo Wind River B Is very regular. The 
ocdurence ol Efrtiutwpe &ad BatfiyopHs Ui the upper Wind River ia not Cbrtalnly recorded. 

and was thus contemporaneous with most of the upper fossil-bearing 
strata of the Bighorn Basin Wasatch; (2) that positive evidence of 
an overlap may be derived from the study of the faunie; (3) that 
the LambdoOienum zone occurs in each. 

Geologic divisions. — Hayden's exploration of 1859-60, as reported 
in 1869," afforded materials for the first complete section we have 
of the Wind River Tertiaries, His "lower division," of 400 to 500 
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feet, which we may designate Wind River A, is largely fossiliferous 
and has yielded most of the important forms found in successive 
explorations by Wortman" (1891), Granger (190S), and Loomis* 
(1907). Hayden assigned 1,200 feet to an "upper division," which 
w« may designate Wind River B. This is now believed to contain 
fossils of a higher type, although the field records are not quite 
clear and fossils are scarce. 

Preliminary faunal divisions.— (A) Wind River, lower SOD feet, 
red beds. Lambdotkenum zone. Contains Coryphodon, PTtenacodus, 
Eohippus, Lamldotkerium, etc. (B) Wind River, upper 800 feet. 
Bathyopsis zone. Contains Coryphodon, Phevacodua, also Bathyopsis 
PaUeosyops horealis ( = Eotiktnops). 

The B stage approximates the middle Eocene, or Lutetien infgrieur 
of France (Argenton, the older Lissieu and ohler Egerkingen fissure- 
formation faunee), and the Bracklesham of England. 

General faunal characters of the Wind River. — Since the faunal 
levels which undoubtedly distinguish Wind River A and B have not 
yet been clearly separated, we must consider the fauna chiefly as 
found on the lower levels, or red beds. First it must be made clear 
that the Wind River, as compared with either the Wasatch or the 
Bridger, is a relatively barren formation and has not been so fully 
explored. 

Archaic or Cretaceous fauna: Of the ancient fauna the Creodonta 
are represented by 4 families, the members of which are incom- 
pletely known. Of these the genera (a) Hapalodectes and Pachyxna 
(Mesonychidse), (6) TTitetmwdon (Hysenodontidse), and Oxyxna 
(Oxytenidie) are somewhat more advanced than Wasatch forms; (c) 
Limnocyon, a primitive, and Patriofelis, a specialized member of the 
Oxysenidse, appear for the first time, animals which are very charac- 
teristic of the Bridger; (d) Anacodon represents the ArctocyonidiB. 

Among the Tillodontia the Wasatch genus Esthonyx persists, and 
among Tieniodonta (Edentata?) the Bridger genus Stylinodon first 
appears. The Insectivora are undoubtedly represented in Palseicr- 
tops (Leptictidse) , Palseosinopa (Pantolestidte), and possibly also by 
several species of Hyopsodus, all in more advanced evolution stages 
than those in the Wasatch, but still distinct from the Bridger species. 
It is noteworthy that Hyopsodus attains its largest size at this time. 
The reported existence by Cope of Cheiroptera Js an error. 

The Condylarthra-Phenacodontidfe diminish and disappear. The 
Amblypodar-Coryphodontidse also diminish and disappear, being 
replaced by the Amblypoda-UintatheriidEe. Of ("arnivora-Creo- 
donta, the family Arctocyonidse is represented by Anacodon (vide 
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Ix)omia); the Palteonictidse are represented by doubtfully referred 
specimens in the Wind River and lower Huerfano; the 3 certainly 
surviving creodont famihea are the Mesonychidse, Oxyienidje, and 
HyfenodontidsB. The Edentata-Tieniodonta are represented by 
Stylinodon; the Tillodontia by Esthonyx. A supposed marsupial, 
Peraiherium comstodd, is reported by Cope and Loomis. 

Modernized fauna: Among the modernized forms the forest-living 
primates first deserve notice: (o) Of the animals of larger size the 
Notharctidse include Pelycodus, surviving from the Wasatch and con- 
tinued into the lower Bridger; also Notharctua, a monkey very plen- 
tiful in the Bridger, now appearing for the first time; (6) the special- 
ized Anaptomorphidee recur; (c) the doubtful primates Microsyopidie 
are also found. 

The Kodentia are represented by the rather abundant Paramys and 
somewhat more rare Sduravus. Among Insectivora, 3 famihes are 
known, namely, Leptictidse (PaUeictopa) , and the recently referred 
families Hyopsodontidse and Fantolestidie. The pro-Camivora- 
Miacidie, now become more diversified, including the genera Didy- 
mictis, Vvlpavus, and Miads, all found in the Wasatch, which recur 
here in slightly larger and more progressive forms. These animals 
resemble the Canidee in dental structure and the ProcyonidsB in other 
points. The Bridger genera Viverravus and Oodectes appear here for 
the first time. 

Of modernized Ungulata-Perissodactyla there are now 4 families. 
It is noteworthy that all are represented by light-hmbed slender- 
footed forms, pointing to rather dry-land conditions in this region 
at the time, (a) The Equidse are represented by the persisting 
Wasatch forms atill known as EoMppus because a rudimentary fifth 
digit still persists in the pes and there is little advance in dentition. 
(i) Members of the Tapiridte have not been found, but they un- 
doubtedly existed, (c) The Ijophiodontidie are represented by 
Heptodon. (d) The newly appearii^ Titanotheriidse are represented 
by 2 genera and 3 species. 

The distinctive forms of titanotheres found in the Wind River are: 

Lower part ot Wind River, Lamhdotheriwm. popoagicum, at about the height of a WEit«r 

chevrotain {Dorcathenum, aqvatitum). 
?Upper part of Wind Biver, Eotitanopg borealii, of about tlie height of a wart-hog 

(Phacocharm afncanug). 
?Upper part of Wind River, Eotitanope brown.ian.u», ot abtiut the height of a young 

pig- 

Of these animals the Lambdotherium occurs plentifully only in tho 
upper Wasatch deposits, in the lower part of the Wind River, and in 
the Huerfano formation of southern Colorado, Nothing at present is 
known in the Wasatch which could stand ancestral to it, nor is any 
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Bridger genus known which could be directly descended from the 
species L. popoagicum. 

Of Ungulata-Artiodactyla Trigfrnolestes survives from the Wasatch. 

WIND BIVEB a; LAMBDOTHEBIUH ZONE. 

Period of lower deposUion. — ^Wortman" concluded on his second 
visit (1891) that the lower Wind River is absolutely distinct from 
the Wasatch of the Bighorn Basin and belongs to a succeeding depo- 
sition. . He supposed that the Wind River country was above water 
during the laying down of the Wasatch sediments, and that some 
time after the close of the Wasatch a lake was formed on the site of 
the present Wind River basin. Loomis* (1907) regards the Wind 
River formation as epicontinental, fluviatiie, and flood-plain, like the 
Wasatch, and shghtly subsequent in the beginning of its deposition. 

General characters. — ^A total thickness of 40G to 500 feet near the 
sources of Wind River, Readily distinguished geologically by hori- 
zontally alternating bands of bright-red and gray fossil-bearing shales 
and sandstones containing Corypkodon, turtles (Tnonyx), crocodiles 
(CVocodiZM«),Lacertilia-Anguid8e (Glyptosaurus), etc. The coi^lomer- 
ates, indicating rapid stream or river invasions, are barren. The 
writer is indebted to Professor Loomis for the section (fig. 5, p. 44) 
and for his observations on stratigraphic distribution. 

Fauna. — The chief part of the Wind River fauna listed above is 
from these red beds. In the lower red beds are found Corypkodon, 
Eokippus, Lamidofherium, and several species of Hyopsodus; among 
primates, Notharctus and Pelycodus. The American Museum collec- 
tions of 1905, nearly all from the red beds, exhibit a closer degree of 
affinity to those of the upper Wasatch than is found in specimens 
from the upper beds. The Amheist collections include from these 
beds Bathyopsis, the earhest known member of the Dinocerata. 

WIND RIVER B; BATHYOP8IB ZONE. 

Period of upper depoaiiiwn. — The upper levels, or Wind River B, 
are naturally to be compared with Bridger A, but unfortunately too 
few fossils have as yet been found to afford such a basis of correlation. 

Hayden (1869) described these beds as consisting of 800 to 900 feet 
of ferruginous, coanse^ained sandstones, alternations of sandstones 
and marls, light sandstones, friable sandstones, and indurated marls. 
They ate probably in large part of volcanic-dust origin. Some of 
these strata indicate great disturbances in the water during their 

I Wortmui, J. L.,Foaal) mamouilsar the Wasatch and wind Riier beds: Bull. Am. If ub. Nat. Hist., 
vol. i, 1902, pp. la-m. 
tLoomls F.B.Orlglnanhe Wasatch deposits^ Am, Jour. Scl., 4tliser., vol. 21, 1907, pp. 366-364. 
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de[>o^tion. Altogether the ronditions were unfavorable, perhaps 
prohibitive, for the de[H)tution of fosnib. 

Fauna. — Although not oertatnly recorded, it appears probable that 
Wind River B contains Eotitartops horealis, the second known stage 
in the evolution of the Titanotheriidie, the first known stage being 
Lambdotherium jnimsevum Loonus of Wind River A. 

««. XniTAMO romiunoa; LAIODOTHSBnni AVD tTHBTATHBBnrM ZaWBA. 

HOUOTAXIS. 

North America.— \, Huerfano formation of Hills, 1888 (800-1,000 
feet, Wortman), 2, Wind River {.Lambdotherium zone) in part. 3, 
Lower part of Bridger fonnation. 

The only middle Eocene deposit east of the Rocky Mountains is 
that of the Huerfano River basin of southern Colorado {see PI. I), 
first described by Hills" in 1888, explored by the writer and Wort- 
man in 1897, and described by the writer.'' The basin opens into the 
plains immediately north of the famous Spanish Peaks, The sedi- 
ments described below as marls, clays, shales, etc., will very probably 
prove to be of volcanic-dust origin. 

The writer's present conclusion as to the age of this formatioa is 
that it began during the Wind River and continued without a break 
into the period of the lower Bridger formation. 

LOWER FART OF HUERFANO FORMATION; LAHBDOTHERnTH ZONE. 
(Homotaxis, Wind River.) 

Wortman explored the immediately underlj-ing levels to the east 
of Gardner, previous explorations having been made to the north and 
west, and was surprised to find a fauna containing none of the forms 
characteristic of the Bridger level (as chiefly found by Hills), but 
distinguished as of Wind River age by the presence of Coryphodon, 
LamhdotheriuTn, Oxyiena, Trigonolestee, and other lower Eocene forms. 
Wortman" says: 

These beda of the lower diviflion are indistinguishable, so far as their general appear- 
ance and lithological characters are concerned, from those of the upper leveL The 
foesils occur apparently in a single stratum not exceeding 10 or 15 feet in thickness, 
and not more than 30 or 40 feet from the base of the formation. They underlie the 
beds of the upper division with perfect conformity, and there is at present no means 
of determining exactly where the one ends and the other begins. • • • The exact 
locality from which the greater number of the fossils of the lower beds were obtained 
is Garciaa Canyon, about li miles south of Talpa or the mouth of Turkey Creek. 

• IliUs, R. C, 1888. 

t Osbora, n. F., The Huerfano Lake lio^n: Bull. Am. Mus. Nat. Hist., vol. 9, 1867, p. 281. 

cWortman, J. L,, Osologlnal 
Wortman, J. L., FossL! mamn 
vol, 4, 1882, pp. 1J5-144. 
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The fauna, as originally determined and subsequently (February, 
1906) reexamined by Matthew from the very small American Museum 
collection, is as follows: 

Lower Huerfano/auna and equivalenta. 

[X=9pecles repreaenlsd; (x)=geiiUB repregented.] 
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The Eohippus is more advanced than anything in the Wasatch, 
but distinctly more primitive than the most primitive Orohipfus of 
the Bridger in our collections. The lower part of the Huerfano is, 

on this showing, homotaxial with a portion of the Wind River. 

UPPER PART OF HUERFANO FORMATION: ?UINTATHEEIUM ZONE. 

(Homotasia, lower (7) Bridger.) 

West of Huerfano Canyon the so-called vari^ated marls, clays, 
soft shales, and sands aggregate only 800 to 1,000 feet in thickness, 
are nearly horizontal in position, and constitute the "upper series" 
of the typical Huerfano lake deposits of Hills. To the west of 
Gardner all the mammal remains were found in these sands, clays, 
and marls, varying from red, purple, gray, or green to yellow or whitish 
in color, the upper arenaceous clays containing the richest deposits. 
These deposits have not been examined lithologically; it is quite 
possible that they are largely composed of volcanic ash. Although 
the fossils are nowhere numerous, they are all of Bridger age, namely, 
Palseosyops, Hyrachyus, Tillotherium, and Glyptosauras. 

Upper Huerfano fuana and e^xvaleatt. 
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a The Amblypoito are represented hy a tibia of small die which may have belonged to Vinlatlieriiim. 
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It is clear that these beds must be referred to the Bridger, not to 
the Wind River. The Paramys compares most nearly with lower 
Bridger species, but is too incomplete to settle its position without 
very careful comparisons. There does not appear to be anything 
else to indicate whether these beds are equivalent to lower or to 
upper Bridger. The Patriofdia is a very much smaller species than 
P. uUa of the lower Bridger or P. ferox of the upper Bridger. The 
TiUoikerium is a characteristic Bridger animal. 

MIDDLE EOCENE EUROPE. fiTAGBS LUTETIEN SUPfiRIEUR, 
BAKTONIEN). 

». BimaiB FOUunoH; oBompFUB AKo uurrATEsinni zo>u. 

(FigB. 1, Z, 6, PI. I.) 

HOMOTAXI8. 

North Ajnerica. — ^1, Bridger formation of western Wyoming 
(1,850 feet), including levels A, B, C, D, E. 2, Upper part of Huer- 
fano formation of Colorado, 3, Lower beds, or Uintatherium zone, 
in Uinta and Washakie basins of northern Utah (800 feet) in part. 
4, Clamo formation of Oregon, Merriam; homotaxis provisional. 

Europe, provisional Jiomotaxis. — Lower part of the Bridger approx- 
imately equivalent to Lutfitien supfirieur, represented by the Cal- 
caire grossier (Paris basin), Issel, Buchsweiler, and later fissure 
deposits of Lissieu and Egerkingen. Upper part of the Bridger 
approximately equivalent to Bartonien (Calcaire de Saint Ouen, 
Gr^ de Cess4ras) in part. 

CHIEF CHARACTERS OF THE FAUNA." 

The whole vertebrate fauna, reptilian and mammalian, of this 
period is better known than that of any of the other Eocene phases. 
The mammalian summary is as follows: 



Summary of genera. 



Archaic CretaceoUB m&mtmils . . . 
Hodemized TertiEU-y mammalfi. 



A marked numerical predominance, in the ratio of 4 to 3, of the 
modem over the archaic genera of mammals. A single South 
American mammal appears, the primitive armadillo Metacheiromys, 
related to the Dasypoda. Afhmties with western Europe are very 
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slight indeed. Independent evolution both of the surviving archaic 
and of the modem American lower Wasatch stock, with no evidence 
of fresh Curasiatic migrations. Establishment of certain character- 
istically American families of manunals. 



MBnieocft99 



.— Columiur section 



PreliminaTy faunal divisions. — The Bridger has been separated 
(Matthew, Granger) into four ilistinct faunal levels, A-D, marked 
by distinct specific stt^es and generic stages, also by the appearance 
and disappearance of certain types. 

1, Lower part of Bridger, levels A-B. Orohippus zone. Cliar- 
acterized by absence of UinitUhaium ; presence of TiUodontia, 
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Trogoaits (fArie'hippod'm "); Perisaodactyla-Equidse, Orohipfus; Car- 
nivora, Oodectes, Vidpavus. 

2, Upper part of Bridger, levels C'-D. Uintatkerium zone. Char- 
acterized by presence of Uintatheriuin; Perissodactyla-Titanotheriid^, 
Mesatirhinus megarhinits; Tillodontia, TiUoOierium; and lower beds, 
or Uintaiherium zone, of Uinta and Washakie basins, Supper part 
of Huerfano, Colorado. 

The fauna of these levels is very fully known and the levels are 
sharply distinguishable. 

The archaic fauna * includes mostly mammals of larger size. As 
in the Wind River, the Camivora-Creodonta include 3 families — 
OxyEenidffi, Ilysenodontidae, and Mesonychidte — predaceous types 
rapidly increasing in size and power. Aberrant Tillodontia, 2 
genera {Trogosus, TiUofherium) , their last appearance. Edentata- 
Tseniodonta, 1 genus (Stylinodon) ; scarce animals, also their last 
appearance. Of Ungulata-Amblypoda, the Uintatheriidse or giant 
Dinocerata suddenly appear in the upper Bridger, possibly from the 
Great Plains Region. 

The modern fauna includes mammals of small and intermediate 
size for the most part. The pro-Carnivora, Miacidse, rapidly multiply 
and diversify into 8 genera, 20 species, analogous to the modern 
Canidse in tooth structure,'^ and probably drive out the sntaller 
Camivora-Creodonta. Primates, 2-3 families, (a) NotharctidsB, 
(b) Anaptomorphidas, (c) ^Microsyopidse. Rodentia more numeroxis 
an<l diversified; the family relationships are uncertain, but include 
(a) with sciuroid teeth, 2 genera; (h) with arctomyoid teeth, 3 
genera. Insectivora more diversified, 4-6 families, including animals 
analogous to if not actually related to Erinacei«lfe, Talpidae, Soricidse, 
Centetidie, also the aberrant Pantolestidje, ?Hyopsodontidie, and 
?Leptictidse. Related to the Edentata-Dasypoda, MeUicheiromys, 
2 species. Ungulata-Perissodactyla flourishing, 5 families, namely: 
(a) Equid£e numerous, 9 species; {h) Lophiodontidte, 3 genera; (c) 
Tapiridte, 1 genua; {d) Titanotheriidse, 4 genera; first appearance 
of the ie) Rhinocerotoidea^Hyraeodontidie, 3 genera. Ungulata^ 
Artiodactyla still of small size, but diversified into 7 genera, includ- 
ing primitive Selenodonta and Bunodonta. 





outh County. See Proe. 


Acad. Nttt. Sd. Philadelphia, October, 1868, p 232. 




'SeeAppendti, p.91. 
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MIDDLE TO UPPER EOCENE (EUROPE, ETAGE BARTONIEN). 



HOMOTAXIS. 

North America. — 1 , Uintaiherium zone, equiyalent to the upper part 
of the Bridger formation and to the Uintaiherium zone of Uinta 
Basin. 2, Eohasihus zone, equivalent to the Eobasileus zone of 
Uinta Basin. ? 3, Deposits on Sage Creek, Montana. 

Europe. — ^Bartonien of France. 



The Washakie Basin is a distinct area, with deposits mainly of 
volcanic ash, in which Hayden (1867-1869) first used Washakie as 
a group name comprising the 
lower and middle Eocene sec- 
tion. Subsequently he inclined 
to the belief" " that the upper 
series is either an extension east- 
ward of the Bridger group or 
synchronous with it." It was 
similarly referred to by King as 
the Bridger group of the Washa- 
kie Basin.'' This upper series 
has sometimes been referred to 
in paleontologic literature as the 
"Washakie formation." 



The mammalian fauna of this 
stt^i which has long been recognized (Osbom,'* 1881) as in general 
intermediate between the Bridger and the Uinta, is sparsely known. 
The American Museum expedition (Osbom, Granger) of 1906 very 
precisely fixed its age as overlapping the summit of the Bridger and 
the Uiniaiheriura and Eobasileus zones of the Uinta Basin. 

Faunal divisions. — (A) Uintaiherium zone. Brown beds (250 feet) 
containing Uiniaiherium. Among Perissodactyla, MesaHrhin/as mega- 




"Prel. Bept. U. S. Geol. Survey Terr.. 1871, p. TS. 

'KLdk, Clarence, U. S. Qool. Explor. Wtli Par., Syatsraa 

f See Appendix, p. 91. 

(< A meiDOLr upoa Loxoiaphodon and I'ijUaittfrium: Co 
vol. 1, No. 1, JSSl, pp. 1-H. 

UcMaeter, John Baeh, Stmtlgraphical report upon t 
Wjoming Territory, accompttniBd by proflles ol three at 



: BWJlogy, ISTfi, p. 39n. 

T. E. H. Uus. Oeol. A 

< Bridger bede in tbe Washakie B 
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rhinus&nd Manteoceras indicate equivalence to upper Bridger (C— D). 
(B) Eobasilevs zone. Gray and green beds (250 feet), Haystack 
Mountain, containing Eoba^Ueus" (Loxolophodon) ; Perissodactyla- 
Amynodontidfe ; Titanotheriidas, Dolichorhinus comutus; Artiodac- 
tyla-Elotheriidffi. 

The lower (A) brown beds are very extensively distributed and con- 
tain many of the same species as the upper Bridger (C-D). The 
upper (B) gray and green beds, probably composed largely of volcanic 
ash, are chiefly restricted to the great butte known as Haystack 
Mountain and its outlying badlands; the fauna is largely new and 
marks a very distinct progressive stage. 

The new fauna of the Eobasileits zone. — The archaic fauna is distin- 
guished by the final evolution of the Ungulata-Amblypoda into lai^e, 
specialized Dinocerata. Carnivora-Creodonta certainly include Oxy- 
ienidse and Mesonychidse ; the Hysenodontidse are represented by 



In regard to the modem fauna the most signal fact is the first 
appearance among the Perisaodactyla-Rhinocerotoidea of the new 
family (a) Amynodontidfe. The (6) Hyracodontidffi continue from the 
Bridger; among (c) Titanotheriidse, Pafeosyops disappears; {d) Lophio- 
dontidffi-Helaletinfe, (e) Tapiridss, and {/) Equidse persist. Artiodac- 
tyla are small but more diversified. Rodentia-Ischyromyidte, Pro- 
Camivora-MiacidBB. Lai^e elotheres, Achxnodon, occur. 

UPPER EOCENE (EUROPE, STAGES BARTONIEN IN PART, LUDIEN 
(LIGURIEN) IN PART). 



HOMOTAXI8. 

NoHk America. — 1, Ixiwer 800 feet, Uintaiherium zone, provision- 
ally equivalent to upper part of the Bridger formation and equivalent 
beds in Washakie Basin. 2, Middle 350 feet, Eobasileus zone, equiva- 
lent to upper zone of Washakie Basin. 3, Upper 600 feet, Diplacodon 
zone, equals Uinta formation ("true Uinta"),'' approaching if not 
equivalent to the lowermost levels of the White River Oligocene, i. e., 
lower TUanoiherium zone or Chadron formation. 

Europe. — Horaotaxis is now very difficult owing to the absolute 
dissimilarity of the European and North American faunee in these 

a The name /xttoJopJiodon, ponunonly applied by Cope and othere to the Dinocerata o( thie stage, is 
piwxwupled lor a Waaatch coryphodont, Loxolophodon ttmicinaar Cope. Tinocmu Harsh la equall; 
Inapplicable because Qrst applied to a Bridger uintathere. 

t The Uinta lormstlon as flrst noticed by Harsh (Introduction and eucr«a9lou o( vertebrate life In 
America: Am. Jour. Sci., 3d ser., vol. 14, ISTT, p. 337) included only the hiKhest Eooene deposits, 
Dijiiuiodm zone (horizon C, the "true or upper Uinta" o[ King and other WTlters), to vlilctk beds 
the name is here re 
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stages; the climax of separation between the North Americaa and 
western European fannse is reached at this stage. 



It is very important to note, aa to the possible lower Oligocene age 
of the Uinta formation (Diplacodon zone): (1) That in the Bartonien 
of France, which is reckoned aa upper Eocene, but not the highest 
stage, there appear the families Artiodactyla-Anthracotheriidee and 



part coarser and Auet volcaalc-dust dapoalta. UodlOed fram nolea by O. A. Pi 
nlstlc studiee ot Oaborn. 

Perissodactyla-Chalicotheriidse; (2) that in the Ludien, which is reck- 
oned as uppermost Eocene, or the highest stage, there appear the 
famiUes Marsupialia^Didelphyidse and Rodentia-Sciuridie ; (3) that 
none of these four families are known to occur in deposits older than 
the lower Oligocene Plains formation of North America. We are there- 
fore not justified, from ourpresent knowledge, in transferring the Uinta 
ioTmation (Diplacodon zone) to the lower Oligocene, aa some authors 
(Scott) propose. 

a See AppendJji, p. 91. 

Dij.iei, Google 
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Favnistic uparationfrom watem Europe in the upper Eocmu. 
\ Families 



I FamlUes 
n peculiar to 



Ambi™>da ' 




m 






W 


<f| 










6 










(7) 





















Thus in the later Eocene of the Mountain Region ( Uiviatherium, 
Eobasileus, and Diflacodon zones) there are only 4 or 5 families in 
common with Europe out of a total of 28 to 30, whereas in the succeed- 
ing OligOcene Mountain and Plains regions (see p. 59) there are 21 
families in common with Europe out of a total of 48. 

The entire Uinta Basin deposition, as first fully explored by the 
American Museum expedition under Peterson," overlaps in time 
both the upper Bridger and the entire "Washakie" deposition; thus it 
begins (Osbom) contemporaneously with the uppermost portion of the 
Bridger, is equivalent to the entire "Washakie," and then continues 
after the close of the "Washakie" into the Uinta (ZHpfacodtm zone, 
"true or upper Uinta").'' Its sparsely known mammalian fauna'' 
is as follows; 

Summary of genera. 

Archaic Cretaceous mammals 6 

Modem or Tertiary mammals _ 27 



The term Uinta formation {Marsh and King) is confined to the 
upper beds, or Diplaeodon zone ("true Uinta"). 



PROVISIONAL FAUNAL LEVELS. 



C. Uinta formation, 600 feet. Diplaeodon zone. Distinguished 
by absence of Dinocerata; presence of Canidse. 

B. Middle beds of Uinta Basin, later Eocene, 360 feet. Eobasileus 
zone. Contains among Aniblypoda-Dinocerata, BohasHmts (generic 
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reference uncertain) ; among Perissodactyla-Titanotheriidie, Dolicho- 
rkinus comutiis. Creodonta-Mesonychidse (last appearance). Closely 
equivalent to upper part of "Washakie" (B), 

A. Lower beds of Uinta Basin, later Eocene, 800 feet, brown beds, 
! Vintaihmuin zone, approximately equivalent to upper part of the 
Bridger (C-D) and to corresponding beils in Washakie Basin (A). 

Of archaic mammals the Camivora-Creodonta include 2 families, 
Mesonychidse (last appearance) and Oxysenidfe (last appearance); 
the Hysenodontidse, if existent, have not been discovered. The 
Eohasileus zone contains the last of the Amblypoda-Uintatheriidte, 
Of modem mammals (Uinta) the Primates are little known as yet. 
Among Kodentia 2 families, (a) Ischyromyidse {Paramys, Psew- 
doUrmus), (b) Heteromyidse (Protoptychus). Among Pro-Camivora, 
Miacidae, also true Camivora" {CyTwdictis). Of Ungulata-Perisso- 
dactyla, 6 families: (a) Titanotheriidte, homed animals of much 
greater size' especially increasing after the extinction of the huge 
Dinocerata, (i) Equidee, (e) Lophiodontidse (still to be discovered), 
id) Tapiridre, (e) Hyracodontidie, if) Amynodontidse. No true 
Rhinocerotidas. Ungulata-Artiodactyla now assume the five divi- 
sions or families which are found in the American Oligocene, namel}': 
(a) Elotheriidse-Achsenodontinse, mammals of large size; (&) Homa- 
codontidse (Dichobunidse V); (c) Oreodontidse, North America only; 
id)' Hypertragulidie, North America only; (e) Camelid«, the first 
definite recognition of this family, North America exclusively until 
the Pliocene. The Uinta selenodonts '' are all brachyodont and 
much alike in dentition; .they are much less abundant than in the 
lower Oligocene. 

OLIOOCENE. 

rV. FOURTH FATTNAL PHASE. 

Second modernization— First knowledge of the Oreat Flains fauna— 
Absence of all arohaic mnmmii.ia except Hyeenodontidw — Reestablish- 
ment of faiinal resemblance with western Europe, followed b; a long 
period of independent evolution and partial extinction of the same 
fauna to the close of the lower Miocene. 

Environment; dry-land conditions in the Great Plains. — In addition 
to the geologic and faunistic evidence above cited we find collateral 
evidence from herpetologj'. The Testudinata, as analyzed by Dr. 
0. P. Hay,* fumish important proofs of prevailing dry-land conditions 

o A rather arbitrary distinction, Ioiiad«d on the union of the ecapholnnar bones, which llrst occurs 
In certain Bridger apecles of the HItusldie; the union Is exceptional In the lirldger, pieeuraatil}' common 
in the Uinta, and universal in the White RlTcr, More essential dlBtti^tions are the small size of the 
brain and the absence of tympanic hullse. 

'Scotl, W. B,, The selenodont artlodactyls of the ITlnta Eocene: Trans. Wagner Free Inst. 8c!., 
Jlilladelphia, vol. 0, 1899, pp, li-ilil, 1-121. 

' In his monograph on the fossil turtles o( North America, published by the Carnegie Institution. 
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58 CENOZOIC MAMMAL HORIZONS 

in the Great Plains. How long previously these conditions had set 
in it is impossible to say. In the entire Oligocene and Miocene beds 
thus far only 6 species of water-living turtles have been described or 
recorded, and these are probably from river-channel sandstones, as 
compared with a very much lai^er number of land-living tortoises. 

The details are as follows: (1) In the White River group Gower 
Oligocene) there occur 8 species of the Testudinidfe, including one of 
the land tortoise Stylemys; one species of Tettado, T. brontops Marsh, 
belongs to the Chadron formation, or Titajwtkerium zone; all of these 
are land tortoises, mostly found in Colorado. Of water-living forms 
the White River group of South Dakota has furnished one species of 
the Emydidae, river turtles, and one of the Dennatemydidss, a small 
family related to the ChelydridsE and now confined to Central America. 
(2) In the middle part of the John Day formation (upper Oligocene, 
Mountain Region) there are 3 species of Stylemys, land tortoises. (3) 
In the Deep River sequence (middle Miocene, Mountain Region) 
occurs a single species of Testvdo; from the Mascall formation of 
Oregon there is known a species of Clemmys, a genus now Uving in 
America and Asia. From the deposits on Pawnee Creek, Colorado, 
come 2 lai^e species of Testudo. (4) The "Loup Fork beds" (upper 
Miocene, Plains Region) furnish 7 species of Testudo, approaching in 
size the great tortoises of the Galapagos Islands. (5) From the Rat- 
tlesnake formation of Oregon (Pliocene) occurs a species of Clemmys, 
a land tortoise. 

Modernisation in North America. — ^A second American moderniza- 
tion, as remarkable as the first or Wasatch modernization, is shown 
by the first appearance of 16 families of mammals which have not as 
yet been certainly recognized in the Mountain Eocene basins, namely, 
6 existing families of Rodentia, 4 existing families of Camivora, 4 
existing famihes of Insectivora, 1 existing family of Perissodactyla, 
1 now extinct European family of Artiodactyla. 

Modernization in Europe. — A very similar modernization occurred 
in western Europe," In the Ludien ( = lower Oligocene, Lapparent, 
uppermost Eocene, Dep6ret) , Sannoisien, and Stampien ( = lower Oli- 
gocene) 17 modem or still existing families which have not been 
found in earlier geologic stages appear for the first time. Of these 
new families, 6 appeared simultaneously in North America. 

o This generalliatlon La chiefly baaed Qpon thetaunal llsta of Depiret (Bee lootnols, p. 9). 
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Thus (1) the faunai community with western Europe becomes 
much closer than in the upper Eocene (see p. 56); (2) it is important 
to note that many American lower Oligocene types are represented 
by more primitive forms of European upper Eocene types and partly 
of north African types, namely, Hysenodon, Hyopotamiis, Elotkerium, 
and Suoidea-DicotylidBe; (3) the strongest community is among the 
Periasodactyla, with 7 families out of 9 in common; (4) the least 
community is among the Artiodactyla, with only 2 families out of 11 
in common. 

Aa above noted, this momentous faunai change in North America 
may be more apparent than real, because attributable to various 
causes: (1) Partly to the fact that this is our first glimpse of the 
western portion of the Great Plains fauna; (2) partly to fresh migra- 
tion from the northerly or North American-Eurasiatic region. The 
apparent sharp distinctions of this phase from the Uinta faunai phase 
will probably be partly lessened when a fuller knowledge of the Uinta 
mammals shall have been gained. 

There are many distinctive characters of this North American 
faunistic stage, as follows: (1) First appearance of Marsupialia- 
Didelphyidse and of Rhinocerotidse-DiceratheriinEe; (2) sudden dis- 
appearance of all Primates, which do not again appear in North 
America; (3) continued evolution of certain of the North American 
families of mammals derived from the first modernization, 4-toed 
horses replaced by 3-toed horses, advanced evolution of American 
Eocene Rodentia (Paramys, Sduravus), appearance of Eurasiatic 
Rodentia; (4) extinction of other modernized North American fami- 
lies, including especially 4 families of Perissodactyla, also, Insectivora- 
Hyopsodontidse; (5) migration, probably from Eurasia, of some new 



60 CF.NOZOIC MAMMAL HOMZONS 

fatiiilies — Perissodactyla-Chalicotheriidse, Artiodactyla-Anthrarothe- 
riidse, Suoidea, Creodonta-HyEenodontidse ; (6) first appearanco of 
Camivora-Mustelidie, probably from the northern continental mass, 
also Canidas and Felidte-Machasrodontinse; (7) probable migration 
to Euraaia of some of the North American families, Perissodactyla- 
Tapiridffi, Amynodontidse. 

LOWER OLIGOCENE, WHITE RIVER GROUP OF HAYDEN (EUROPE, 
^TAGE SANNOISIEN fTONGRIEN INF^RIEUR]). 

7. CHADBOB FOAKATION ; TITANOTHEBnFK ZOHZ. 

(Figs. 1, 9, 10; Pis. I-III.) 

HOMOTAXI8 AND SYNONYMY. 

North America. — 1, Horizon A of Ilayden and Leidy; lower part 
of the White River group; 2, Chadron formation, 200 feet, of Dar- 
ton; 3, " Titanotherium. beds" " of Leidy and Ilayden, South Dakota; 
4, "Horsetail Creek beds" of Matthew,* northeastern Colorado and 
western Nebraska; 5, Monument Creek formation (upper part) of 
Darton; 6, White River deposits along Pipestone Creek, Montana 
(Douglass, 1902); and 7, White River deposits along Swift Current 
Creek, Cypress Hills, British Columbia," etc. 

Europe, provisional homotaxis. — Ludien, in part; Sannoisien (Ton- 
grien inffirieur); Stampien (Tongrien sup^rieur). 



It is important to note again that four or more of the newly 
appearing families of mammals are represented in the upper Eocene 
of Europe. Our knowledge of the animals of this stage, which is at 
present considered lower Oligocene, is still rather limited except as to 
the Titan otheriidse, which are very abundant and characteristic. In 
the White River beds at Pipestone Springs, Montana,' were first dis- 
covered (Douglass/) the animals of smaller size or microfauna. In 
all the other deposits chiefly the lai^er animals are known, 

sHatcher, i. B., The Tilanothermvi beds: Am, NftturaUst, Uar. 1, 1SB3, pp. 204-221. 

*Matthew, W. D., Stretlgraphy of the White River and Loup Fork formationa: Bull. Am. Una. 
Nat. Hl8t., TOl.l, pt. 7, 1«01, pp. 35S-3T4. 

tCope, E. D., The White River heds or Bwirt Currant River, Northwest Teitltory (Geol. OUgocena 
WUl« River): Am. Naturalist, Feb., 1885. Also Ann. Hept. Geol. and Nat. Hlat. Survey Canadfl, 
vol. 1, 1685 (1886), appendix to Article C, pp. 7B-85. 

dSee Appendix, p. 91. 

Scott, W. B., and Osbom, H, P., Prellinlnary account of the IdsbII mammals Irom the White River 
formation contained In the Museum of Comparative Zoology: Bull. Mus. Comp. Zool. Harvard Coll., 

Osbom, H. F., and Wortman, J. L., FobbH mammals of the lower Miocene WMte River beds. coll. 
18B2: BuU. Am. Mus. Nat. Hist., vol. 6, IBM, pp. 108-228. 

< Matthew, W.D., The fauna of the TittmalheTiuia beds of Pipestone Bprtngs, Montana: Bull. Am, 
Mus. Nat. Hist., vol. IB, 1903, pp. l»7-23fi. 

/Douglass, Earl, New vertebratee Irom the Montana Tertiary: Ann. t'arn^e Mus.. vol.2, No. 2, 
10O3, pp. l«-200, (White River stratigraphy.) 
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The archaic luammals are now represented only by the true Hyseno- 
dontinse, which are probably of European and African origin. Among 
Marsupialia, Didelphyidse are somewhat doubfully recorded in this 

stage. 

Of the modernized mammals, among Rodentia (a) Ischyromyidse, 
represented by Isckyromys; Paramys disappears or gives rise to Sd- 
urus ; and there first appear the modem (6) Leporidfe, (c) Castoridfe, 
(<Z) Sciuridse, and (e) Geomyidte. Of Insectivora the Leptietidre 
continue, as well as animals analogous in dentition to Centetes and 
SoUnodon. The Carnivora are thoroughly modernized by the appear- 
ance of true Canidse {Cynodictis, DapJiienus), Mustelidse, and Felidse 
(Machserodontinse). Eight families are known of Ungulata-Perisso- 
dactyla, including 6 Eocene families which survive from the upper 
Eocene, namely, {a) Equidse, (6) Tapiridae, (c) AmynodontidEe, (d) 
Ilyracodontidae, (e) Lophiodontidfe, (/) Titanotheriidte," which reach 
the climax of their evolution and suddenly disappear, (g) the aberrant 
Perissodactyla-Chalicotheriidie are first positively recognized, (h) the 
Rhinocerotidee, ancestors of Diceraiherium, and another subfamily 
( ?Aceratheriiiife) also first appear. Of Artiodactyla 6 families occur, 
as follows: Three previously known Eocene families, (a) Oreodontidse, 
(6) CamelidEB, and (c) Hypertragulidse, continue; (d) the Dicotylidte 
first appear, either of American origin from tlie Great Plains or of 
Eurasiatic origin as a side branch of the Suoidea; (e) the Anthraco- 
theriidfe also first appear, probably by migration from Europe, and 
are represented by Hyopotamiis in the Chadron formation; (/) the 
bunodont Aehaenodontinie of the upper zones in the Washakie and 
Uinta basins are succeeded or replaced by the Elotheriinie or Ente- 
lodontinie closely allied to the European Entehdon. 

Monument Creeh formation. — The following description of this for- 
mation is taken from a paper by Darton published in 1906:* 

On the high divide between the Pktte and Arkansas drainage basins, at the foot 
ot the Rocky Mountains, there is an extensive deposit of conglomerates, sand, sand- 
stone, gravel, and clay, known as the Monument Creek formation. It lies on the 
Laramie formation to the eaat and the Arapahoe formation to the west, and at I^mer 
Lake it abuts against the granite at the foot of the mountain. There are two membera, 
a lower one o! sands and clays and an upper one of conglomerate and sandstone. The 
latter cape numerous buttee and plateaus in the h^h region west and north of Calhan 
and north of Monument. 

Foasil bonea of THtrmotherium have been discovered by the writer* and Mr. C. A. 
Fisher in the upper member in the region north of Calhan and Bouthwest of Elizabeth, 
which indicate that this portion ot the formation is of Oligocene age. The lower 
member may be Oligocene, or perhaps Wasatch or Bridger, in age. 

a Oibom, H. F., The four phyla o( Oligocene titanotheres: Bull. Am. Mils. Nat. Hist., vol. 16, 1902, 
pp. 91-109. 

'Darton, N. Il„ GeoIi«y and underKround waters of the Arkansas Valley In eastern nolorado; Prof. 
Paper U. 3. Oeol.. Survey No. S2, 1906. 

'Carton, N.II.,AgBofUoamneiitCreekfonnatlon: Am. Jour. Scl., 4th ser. voL 30, 1901, pp. ITS-UO. 
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MIDDLE OLIGOCENE (EUROPE. ETAGE STAMPIEN [TONGRIEN 
SUP^EIEUR]). 



HOMOTAXIS AND SYNONYMY, 

North America. — I, Horizons B and C of Hayden and Leidy, 2, 
Oreodon zone of I^eidy. 3, Lower Brule clay of Darton." 4, " Meta- 
mynodon sandstones" of Wortman.^ (1-4 all of South Dakota.) 5, 
"Cedar Creek beds" of Matthew,"^ northeastern Colorado. 6, Wide- 
spread similar exposures in southeastern Wyoming, South Dakota, 
and northwestern Nebraska. 7, Scattered exposures in western 
Montana. 

Europe— Approximate homotaxis with the Stampien or Oligocene 
moyen of Europe is indicated by similar st^es in the evolution 
of Artiodactylar-Anthracotheriidffi iHyopotamus) , of Perissodactyla^ 
Amynodontidse {e. g., Metamy- 
nodon,Cadurcotherium),ot'Ta,pi- 
ndsb, of Rhinocerotidse, and of 
Chalicotheriidse. Also by the 
apparent disappearance in both 
comitries of Perissodfictyla^ 
Amynodontidffi and Creodonta- 
Hysenodontidie in the upper 
Oreodon zone. 

■ , FAUNA."* 

-DUgrammattc section ol the White River 

hD^iat.. (Of. PL II., chieflj.^ ^^^ ^^j^ mammalian fauna 
(more than 48 species being 
known in the big badlands of South Dakota alone) is distinguished 
negatively by the absence of Titanothaium and positively by the 
presence of abundant oreodonts. 

The important distinction was first made by Matthew ' that the 
Brule clay, or Oreodon zone, of fine, still-water or eoiian composition, 

« Darton, N H., Prellmlaary report on the eeology and underground-water reaoiiroefl of the central 
Great Plains: Prol Paper U, S Oed. Survey No. 32. 1906. 

Wortman, J L , On the divisions ol the White River or Lower Miocene ol Dakota: Boll. Am. Uus. 
Nat. Hist., voL 5, 1S93, pp. 95-105. 

Osbom, H. F . and Wortman, J L , FohbU mammiils of the lovfer Miocene White River beds: Bull. 
Am. Mu8, Nat, Hist , vol 6, 18M, p. 200 (section) . 

'Uatthew, W. D,, FoshU nuunmals of the Tertiary ol northeaatem Colorado: Hem Am. Mua Nat. 
Hist,, vol. 1, pt, 7, IBOl, p. 357, 

dSee Appendix, p. 91. 

'latheWhlteRiTST Tertiary an eoUaDlormatloQ? Am. Naturalist, voL 33, 1889. Pj 4H. 



Wortman, 1893. 
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contaJDs chiefly the Plains fauna, while the irregular " Metamynodtm 
sandstones," traversing the lower Oreodon zone and of river-chajmel 
origin, contain chiefly the forest and aquatic fauna. (See fig, 9.) 
Forested, fluviatile, and plains or open-country conditions are indi- 
cated by the ming ling of many mammals of modem type in the 
respective fluviatile and plains deposits. 

Among Insectivora the first North American erinaceid (Protaix) 
appears. Rodentia include 16 genera; we note the last appefu-ance 
of the Eocene Ischyromyidse and the first appearance of the modem 
Muridse. Of Camivora-Canidse, Cynodictts and Daphsenus continue 
from the underlying Titanoiherium zone; of Felidse, 3 genera, of 
MachffirodontinBB ; of Mustelidfe, Bunsduras. The Perissodactyla are 
reduced to 7 families: (a) Equid^ (species numerous and divei^ed) ; 
(6) Tapiridie; (c) Lophiodontidse (their last appefu-ance) ; (ti) Amy- 
nodontidfe (their last appearance) ; (e) Rhinocerotidse (including 
2 genera); (/) Hyracodontidse. Artiodactyla include 8 families: 
(ffl) Ijeptochceridse ; (6) Elotheriid^; (c) Dicotylidte; id) AgriochcE- 
ridfe; (e) Oreodontidse; {/) Camelidse; {g) AnthracotheriidEe ; (A) 
Hypertragulidse. 

UPPER OLIGOCENE. FIRST PHASE. 



(Pig8. 1, 9, 10; PIb. I-III.) 

HOHOTAXI8. 

North America. — 1, Horizon C of the Hayden and Leidy section. 
2, Upper part of White River formation of South Dakota. 3, Brule 
clay (upper part) of Darton," 1897- Leptaitchenia zone of Wortman. 
The ^'Protoceras sandatones" contain the forest and fluviatile fauna; 
the clays of the Leptauchenia zone contain the plains fauna. 4, 
Lower part of "Martin Canyon beds" of Matthew,*" northeastern 
Colorado, 5, Deposits at White Buttes, North Dakota. 



Characterized negatively, so far as we know, by disappearance or 
absence of the Hytenodontidte, the last of the archaic Manunaha; by 
extinction or absence of the Eocene Rodentia-Ischyromyidie; by 
extinction of 2 families of Perissodactyla, Lophiodontidee and 
Amynodonti d SB . 

" Frot. Paper U. S. Qeol. Survey No. it, 1B05. 

t Fossil m&miiutls of the Tertlw? ol northeasMm Colorailo: Uem. Am, Mus. NM. Hlet., vol. 1, pt, 7, 
1«U, pp. 353-HT. 
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Among Camivora there now appear in North America representa- 
tives of all the existing families except (I) Viverridse and Hysenidse, 
which never reached America; (2) true Feline, which first appear 
in the middle Miocene; (3) Procyonidse, which first appear in the 
lower Miocene ; and (4) Ursidas, which first appear in the middle Pleis- 
tocene of North America. Among Kodentia is noted the first appear- 
ance (lower part of the John Day of Or^on) of the distinctively 
American Haplodontid^ ; also of the C'astoridse (Steneqfiha-). Among 
Insectivora, first appearance of the Talpidse in North America (the 
Eocene forms with analogous teeth may be ancestral). Among sur- 
viving Perissodactyla is noted the presence of numerous larger mem- 
bers of the Equidse, Tapiridte, and Rhinocerotidse, the latter family 
including (a) members of the Diceratheriime with very rudimentary 
horns, and (J) members of the Aceratheriinse of larger size. Artio- 
dactyla now become very distinctive; Among Oreodontidse Leptavr- 
chenia and Eporeodon appear; among Anthracotheriidie HyofoUtrrms 
continues; among CamelidBef*ro(omen/3; replaces Poe5ro(A«num; among 
Hypertr^ulidfe Protoceras (first appearance of this type) is the most 
distinctive form in the sandstones of South Dakota. 

While the "Protoceras sandstones" and the clays of the Leptau- 
chenia zone were being deposited in the Plains Region, there began the 
volcanic-ash depositions of the John Day formation in the Mountain 
E^ion of Oregon. 

OBEGON GENOZOIC FOBKATIONS. 
k6sUm6 of the OREGON DEPOSITS AS A WHOLE. 

The known mammal fauna of Oregon, as determined partly by 
Cope and Wortman and more precisely as to levels by Merriam and 
Sinclair, is found on five levels, partly separated by volcanic overflows, 
as follows: 

Rattlesnake = upper Miocene = Procamdus zone. 

Mascall = middle Miocene — Merychippus v-une. 

Upper part of John Day == Transition, upper Oli- = Promerycochcerus Kone. 

gocene, lower Mio- 

Middle (fossils numerous) = upper Oligncene, sec- = Diceratheriwm zone 
and (7) lowerparts of ond phase 

John Day 

JOHN DAT FORMATION. 

(Figa. ],10, 11; H, I,) 
Age. — The time of the beginning of the John Day deposition appears 
to correspond with that of the close of the Leptauchenia zone in the 
South Dakota region (fig. 10), namely, the upper Oligocene. 
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drndUions of deposition. — The volcanic mftterials of the John Day 
were chiefly wind blown, as described by Memam;" there is little 
evidence of fluviatile conditions. The Mollusca are terrestrial or air 
breathing, with the exception of one locality which contains fluviatile 
Mollusca. The Testudinata, genus Slylemya, are of the Testiido, or 
terrestrial type; no fluviatile types have been recorded. The so- 
called beavers (Castoridie) are not the true river-hving beavers 
(Peterson). 

Fauva." — The known fauna of the John Day formation as a whole 
is chiefly of open-forest and savanna-living type. We note the entire 
disappearance of the ancient fauna, Creodonta-Hytenodontidie, and do 
not observe the introduction or invasion from Eurasia of any new 
families of mammals. The major part of the John Day fauna is of 
upper Oligocene Bge, but in its latest phases it is perhaps transitional 
to lower Miocene. The fauna is thus broadly transitional between 
that of the White River group and the Arikaree formation. 

The more ancient Ischyromyidse having disappeared, the modem 
Rodentia are represented by 6 existing families— Sciuridro, Castorid», 
Geomyidse, Muridie, Leporidse, and Haplodontidse iAUomys, Myla~ 
gaulodon). Among the Camivora highly varied Canidte abound, the 
Felidfe are numerous but confined to the machierodont type, and 
there is a single member of the Mustelidse, Oligobunis. The Peris- 
sodactyla begin to be reduced to the 3 existing families of Equidie, 
Tapiridse, and Rhinocerotidse ; the aberrant ChaHcotheriidie occur. 
Among Artiodactyla, the Elotheriidffi attain a great size ; in the middle 
part of the John Day the peccary-like pigs, Dicotylidse, are found in 
great numbers; a wider differentiation arises among the Oreodontidte, 
but Leptauchenia does not occur here. In the upper part of the John 
Day the members of the CameUdse are first recorded (Sinclair) and 
begin to attain considerable size; a species of Paratylopus or Miolabis 
occurs, resembling the species of the lower Arikaree. The lower 
John Day fauna is so little known that no deductions can be made 
from it, except that it appears to be closely related to that of the 
middle John Day. 

The faunistic comparison of the John Day formation therefore 
begins with the middle John Day, which is highly fossiliferous and 
slightly more advanced than that of the upper portion of the Brule 
clay and '-Protoceras sandstdhes," as will now be shown. 

<> A contribution Co the geolog; ol the John Da; basin; Bull. Cnlv. Celilofole, Dept. Oecdogf , vol. 2, 
1901, pp. IGB-SH. 
i'Bes Appendix, p. Sl> 
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UPPER OLIGOCENE, SECOND PHASE (EUROPE, ETAGE AQUITANIEN). 

11. MIDDLE PAST OF JOHN DAY FOBKATION; DICEBATHEBim ZONE (ALSO 
TITFEB FABT OF JOHN DAY, TEAHSITIOKAL). 

(Figs. 1,10, 11; PI. I).. 

HOMOTAXI8 AND SYNONYMY. 

America. — 1, Middle part of the John Day formation of Oregon." 
2, Diceratherium zone of Wortraan (500 to 1,000 feet). 

Europe. — Aquitanien. Honiotaxis with the Aquitanien of France 
(typified by the St. G6rand-le-Puy, AUier) is close, as indicated by 



similar stages in the evolution of Perissodactylar-Tapiridse, Dicera- 
theriinie, Aceratberiince, Cbalicotheriidte, and other families. 



The evolution stages in members of this typical Mountain fauna of 
the middle part of the John Day are in some families (e. g., Equidte, 

oMerrlam, J.C, op.clt, 

6 Full John Day Lists were kindly prepared tor thts paper by Dr. WfUlamJ. BlnciBir Irom Prnlessor 
Ueniam's and his own pecsonal aotte, (Bee also AppendlK, p. 910 
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Tapiridse) similar to those of the Brule clay, in others (e. g,, Rhinoce- 
rotoidea, Rodentia) more advanced than those of the upper Brule 
clay and " Protoceras sandstones," This more or less progressive 
character is illustrated as follows: Among Perissodactyla-Rhinoce- 
rotidie Dicerattieri'dm is more advanced, with well-developed horn 
cores; among Tapiridie ProtajnTus is similar to that in the "Proto- 
ceras sandstones;" among Bquidte browsing horses, small and similar 
to those of the "Protoceras sandstones." Among Artiodactyla 5 
famihes: Elotheriidse, Hypertragulidie, Oreodontidse (Eporeodon, 
Agriochcerua) , Dicotylidse, Camelidse (not certainly present). Among 
Camivora-FelidsB {ArchsduTus, Nimravus) ; among Canidte Nothocyon, 
Temnocyon, Mesocyon, PJiilotrox. Among Rodentia Leporidte (Lepus), 
Castoridse {Steneofiber) ; also two new and pecuharly American rodent 
families, Geomyidse {pocket gophers) and Haplodontidse (sewellels, 
Meniscomys) . 

The conclusion is that the middle John Day deposition partly 
overlaps and is partly sequent to the deposition of the upper part of 
the Brule clay and the "Protoceras sandstones." 
UPPER OLIGOCBNE, LATEST PHASE (EUROPE, ETAGB AQUITANIBN). 

13. UPPEB PAST OF JOHN DAT FORHATION; FBOKEBTCOCHCEBDS ZOHX. 

(Figa, 1, 10, 11; PI. I.) 

HOMOTAXIS. 

N(yrt'k Ainerica {promsional). — Great Plains: 1, Lower portion of 
Rosebud, of Matthew. 2, Gering, of Peterson's Running Water sec- 
tion. (See fig. 13.) 3, ? Gering, of Darton's Scotts Bluff section. 

FAUNA," EARLY PHASE. 

The. fauna of the upper part of the John Day formation is rich, but 
the levels have been certainly recorded only in the case of the follow- 
ing animals: Among Rodentia, Lepus, Entoptychus, Mylagaulodon. 
Among Camivorar-Canidffi, Nothocyon, Mesoeyon, Temnocyon. Among 
Perissodactyla, (a) Equidce, Anchitherium praestans, Mesohippus am- 
Hdens; Q>) T&pmdie, Protapirus; (c) Rhmocerotidffi, ? Diceratheriinte, 
i Aceratheriinse. Among Artiodactyla, (a) Elotheriidse, (&) Dicoty- 
lidse, (c) Oreodontidte, Promerycochcerus, 4 species, Eporeodon, id) 
Hypertragulidse, (e) Camelidffi, Paratylopua stemhergi, P. camdoides. '' 

TRANSITION FROM UPPER OLIGOCENB TO LOWER MIOCENE IN UPPER 
PARTS OF JOHN DAT, QERINO, AND HARRISON AND LOWERMOST PART 
OP ROSEBUD- 

From the preceding American Oligocene (upper part of Brule clay 
or Leptauchenia zone, and lower and middle parts of the John Day) 

"See Appeudlit, p. 91. 

t The only eamela (roir the John Day obtained by itw University of CalUomla anpettitlons came (rom 
thptopollbe lormatiou. ThematrtioIthetypeoIP. gtembtrffi ghowsthat It is not trom the middle 
lohn Day, aa WortmaD supposed (Sinclair, November, 1906). 
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the transition beds are sharply demarcated positively (1) by the sud- 
den appearance among Artiodactyla-Oreodontidie of PTomeryeochtents 
followed in higher levela by Merycocharus and Merychyus; (2) by the 
survival of progressive species of Leptauchenia in the same family; (3) 
among Artiodactyla also, 3 famihes of earUer horizons apparently 
have become extinct, namely, Anthracotheriidse (which also disappear 
in the Aquitanien of France), Leptochceridse, and Oreodontidse- 
Agriochcerinte, 

COMPARISON WITH EUROPEAN HORIZONS OF UPPER OLIGOCENE AGE. 

The upper part of the John Day formation, or Promerycochcerus 
zone, of the Mountain region of Oregon, as well as the Gering and 
Monroe Creek formations of Hatcher, the Gering or lower Arikaree of 
Darton, the Rosebud (lower levels, see fig. 12) of Matthew, all in the 
Plains region of South Dakota, may be regarded as covering the transi- 
tion between the Oligocene and Miocene epochs, as these divisions are 
employed in France. They resemble chiefly the upper Oligocene of 
France. (1) The upper part of the John Day of the Mountain region 
is somewhat older than the lower part of the Rosebud of the Plains, 
although both contain Promerycocheents. (2) Recent explorations in 
the upper portion of the Harrison and equivalent formations " reveal 
a fauna which partly resembles that of the upper Oligocene of France 
(an Oligocene character is given by the survival of Elotherium) ; at the 
same time, it contains a primitive Ajnphicyon, a characteristic Miocene 
form. The newer fauna of these beds is slightly subsequent to that of 
St. G6rand-le-Puy (generally regarded as upper Oligocene or Aquita- 
nien, although several authorities place it in the lower Miocene). (3) The 
resemblance to the Aquitanien consists in the presence of Rhinocero- 
toidea-Diceratheriinse, in the nonappearance of Mastodon among Pro- 
boscidea, and in the nonappearance of Teleoceras among Rhinocero- 
toidea. (4) It differs from the Aquitanien proper in the survival of 
Artiodactyla-Elotheriid*e, which disappear in the middle Oligocene of 
France. (5) It contains Chalicotheriidse apparently near Macrothe- 
Hum, a Miocene stage. (6) From a recent comparison of these fauna, 
Matthew writes (March, 1907): 

The above comparisons indicate that the Rosebud faunse ate later than the upper 
Oligocene and earlier than the middle Miocene of the European standard. Their 
position is thereby fixed as lower Miocene, representing an earlier and a later st^e. 

It is concluded that the upper part of the John Day, for the present, 
may be somewhat arbitrarily separated as the American upper Oligo- 
cene, while the partly contemporaneous and partly sequent Plains 
formations may be termed lower Miocene. 

' Matthew, W. D., A lower U[«»ne taima fioAi South Dakota; BoU. Aiq. Uus. Nat. Hist., vol. 2S, 
1W7, pp. 169-2ie. 

"From tbes« discoverlee It appears that tlie Miocene sertiOD from the Olisodeoe to the top of the 
Nebraska beds, In this general locaUty, may perhaps have to be regarded as lower Miocene."— Peterson, 
U. A., The Agate Spring IdsbU quarry: Ann. Carnegie Hub., vol.3, No. 4, IWA, p. 4ii]. 
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MIOCENE. 

rV. POTTBTH PATJNAL PHASE— Continued. 

LOWER MIOCENE (EUROPE, fiTAGES AQ0ITANIEN, B0RDIGALIEN). 

18. ABISAREE FOKKATION, PKOKZSTCOCHIERTrS ZOKS (OERniO, HOHBOE 
CSEEK, H&EBI80K, AKS BOSEBUD OF DASTOH, HATGHSB, AHD MATTHEW). 

(FigH. I, 10, 12-14; PI. I.) 

GENERAL PEATmiES, 

Geoloffy and JumencUaure. — This Great Plains formation, officially 
designated Arikaree by the Survey was recognized as horizon D by 
Hayden, and, as shown in the synonjmiy below (p. 71), haa been vari- 
ou^y divided and named by Darton, Hatcher, and Matthew. It is 




(veryahundBnt 
and c/iarscterrstlc} 
Diceratherium 
Eloihariam 
Steneofibtr 
Nypertrmgtilas 
Parahif^tua (amallap.'} 
Leptauchenie 



extensively exposed along the Pine Ridge Bluffs of South Dakota on 
the south side of White River and along Niobrara River, as mapped 
by Darton." (See PI. I.) It extends more than 100 miles east and 



(J. S. Geol. Survey No. 



itral Great Plains: Prof. Paper 
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west. It immediately overlies tiiroughout, conformably or rnicon- 
formftbly, the upper part of the Brule clay or Leptauchenia zone. In 
some places lithologically, and everywhere faunistically, it can be 
divided into lower and upper levels. 

5j/7ioTM/my,— The typical Gering formation of Darton, 1899, is at 
Scott« Bluff, western Nebraska; the broad extension by Darton of 
this formation to other localities is somewhat doubtful. The name 
Gering formation as used by Darton, Hatcher, and Peterson probably 
applies to noncontinuous river sandstones and conglomerates (maxi- 
mum 200 feet), which are in a manner analogous to the "Titanothe- 
rium," "Metamynodtm," and "Protoe^ras sandstones" that traverse 
the lower Arikaree clays or finer beds and partly erode irregular chan- 
nels in the upper Brule clay {Lepiauchenia zone). This formation is 
thus probably of the same age as the lower parts of the Arikaree, 
Monroe Creek, and Rosebud. Its known fauna is very limited. The 
so-called Gering of Hatcher and Peterson is in southeastern Wyo- 
ming and northwestern Nebraska; in their section it is said to be 
lithologically similar to the overlying Monroe Creek. 

The typical Arikaree formation of Darton, 1899, is at Pine Ridge 
Bluffs, in South Dakota; whether or not this extends to southeast- 
em Wyoming rests on future paleontological correlation. The Ari- 
karee as described and mapped by Darton would broadly include the 
whole of the Rosebud formation of Matthew, as well as the Monroe 
Creek and Harrison, and broadly cover the whole of the Miocene. The 
entire Arikaree formation o,f Darton consists of finer materials, whitish 
or light-buff sandstones, more continuous and widespread, lying either 
on the Gering formation or on the Brule clay. 

There remain to be compared, therefore, the faunae contained in two 
sections about 95 miles apart east and west, probably continuous, sub- 
stantially similar Hthologically, and containing a substantially similar 
fauna. This comparison is based on the valuable recent papers of 
Peterson and Matthew (cit. supra). The local names Monroe Creek, 
Harrison, and Rosebud may all be retained until the question of geo- 
logic identity or dissimilarity can be settled. 

Approximate correlation* of the Arikaree formation. 



Westerly section: Soutbeaslem Wyo- 
niliW and northweslem Nebiasia. 
Hatcher, 1902: Peterson, 1906. (See 



Matthew, Thomio 



. I Upper part of Harrlaon 

[ [Lower port ol HarrlBon 

I Upper part ol Mootoe Creek 

JjLower part of llonroe Creek 
(Oerlug of Hatcber uid Feter- 

Upper part ol Bnile claf, or Le-^ 



Upper part of Brule clay, or Lcp- 



, Google 



CENOZOIC MAMMAL HORIZONS 




::,y Google 



OF WESTERN NORTH AMERICA. 73 

WESTERLY SECTION. 

(Figs. 13, 14.) 

The recognition of this fauna" is the most important advance of 
recent mammalian paleontology in North America. As observed 
by Peterson,* continuing the observations of Hatcher," in a sec- 
tion run through northwestern Nebraska and southeastern Wyo- 
ming, we find three distinct formations, as described below. 



(a) Geriiig formation (.or lower part of Monroe Creek). — Among 
Artiodacty la-Oreo dontidse, Mesoreodon, Lejftauchenm. The species 
of Leptauchenia are but slightly more progressive than those {L. 
decora^, L. nitida) of the underlying Leptauchenia zone or upper part 
of the Brule clay. 

(J) Monroe Greek foTTnation. — Among Artiodactyla^Oreodontidie, 
Mesoreodon, Promerycoeh(Brus, Phevacoccdua; among Camelidfe, 

I Is . € i-Itt 



Protomeryx; among Rodentia, Euhapsis pkityceps; among Canidte, 
Nothocyon; among Rhinocerotidte. Diceratherium. 

(e) Harrison formation, Hatcher. — These are the "Dsemonelix 
beds" of Barbour. The great spirals or corkscrews to which the 
name Dsnnonelix was applied are found to contain remains of the 
characteristic lower Miocene rodents, Castoridee-Sieneojifter (an 
aberrant castoroid), and are believed by Peterson'' to represent the 
burrows of this rodent. The original theory of Barbour (1892) 
was that these corkscrews represent the spiral roots of some giant 
plant. Neither theory is entirely satisfactory. The Harrison forma- 

" Sea Appendix, p. Sl- 

h TSe Hlocens beds, etc.: Aan. CamoglB Uus., vol. i. 1908, p. 23, 

' Orlglii at (he Oilgocene and Hlocene deposits ot the Oraat Plains: Froc. Am, Hbllos. Soc., vol. 41, 
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tion contains, among Oreodontidse, Promerycochcerua (P. vantasael- 
ensis), Phenacoccekta (P. typua ), also a primitive brachyodont stage 
of Merychyua; amot^ Camelidte, two brachyodont genera, namely, 
Miolahis and a related form, Oxydactylus; Stenomylua, a cameloid 
of the Hypisodue type;" among Hypertragulidte, Syndyoceras,'' which 
replaces Protoceras (of the upper Brule level) ; among Dicotylidie, 
primitive species of Desmaihyus; among KodentiarCastoridie, Ste- 
neofiber, very abundant (2 sp.); among Equidro, Parahippus; among 
Must«iid9e, Brachypsalis. 

(d) Harrison firrmation, Affote Spring quarry. — Near the middle 
of the Harrison formation is the extraordinarily rich deposit of this 
quarry, which gives ua a nearly if not quite complete picture of the 
larger mammals of this region and period. So far as described by 
Peterson,' it contains, among Periasodactyla-Equidse, Parahippus; 
among Rhinocerotidas, Diceratherium, 2 species; among Chalico- 
theriidse, Moropus; among Artiodactyla-Oreodontidie, Merychyus and 
t MerycocfuBrus; among Elotheriidse, Dinohyus, a giant form similar 
to the large John Day types and probably the last of its family; 
among Camivora-Canidse, Nothocyon, Amphieyon (a very primitive 
form, its earhest appearance in America). 



(e) Upper part of Harrison formation." — Among Artiodactyla- 
Oreodontidse, Merycochctnia (first abundant appearance of this 
genus), Merychyua; among Camelidse, '^.Miolahis and Oxydactylus, 2 
species; the first appearance of the family Cervidae, genus B^wtomen/x, 
a modernized selenodont artiodactyl; Dicotylidse, Desmatkyus; 
among Perissodactyla-Equidte, Parahippus, a large brachyodont horse 
constituting the most abundant type and moat characteristic stage ; 
among ChalicotheriidsB, Moropus; among Camivora-MustelidsE, Mlur- 
rocyon. Also 2 species of Testudo. 

EASTERLY SECTION. 

(Fig. 12.) 
About 90 miles farther east along Pine Ridge in northern Nebraska 
and on the south side of White River is the formation, also overly- 
ing the upper Brule clay, named by Matthew and Gidley ' (1904) the 
Rosebud beds. This is the region of the typical Arikaree section of 
Darton, described and named in 1899. The section (fig, 12) was 
made by Albert Thomson, of the American Museiun expedition of 1906. 

» Barbour, E.H., Notice of a M« fossil maramftl from Sioux County, Nebr.: NebraakftOool. Sot^ 
TBj, vol. 2, pt. 3. 

e The Mioceoe beds ol western Nebraaka, etc.: Ann. CamegleUua,, vol. 4. 1906. pp. 21-72. 

d ErroDeouslj termed "Mebraska" in Petenon'9 hrat raport. The Agate Spring foaatl quarry: 
Ann. Camegle Kae.. voL 3, 1906, p. 4S7. 

e New or Uttk knawn mammsla (rom the Ulocene of South Dakota; Bull. Am. Uui. Nat. HIat., vol. 

a, 190^ pp. 2u-2ag. 
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As analyzed by MatthBw" it ia to be noted that: (I) The Rosebud 
fauna contains no new immigranta, but ia mainly a further develop- 
ment of the John Day fauna; all the animals exhibit slightly or 
decidedly more progressive stages. For example, the camels of the 
Monroe Creek, Harrison, and Rosebud are decidedly more advanced 
than anything from the upper part of the John Day, as are also the 
horses, carnivores, rodents, and oreodonts, (2) This fauna was dis- 
tributed farther out in the Plains Region, a circumstance that may 
have differentiated it locally from the more westerly fauna of the 
Monroe Creek and Harrison formations, which was presumably near 
the sources of the water supply, forests, etc. This fact of local dis- 
tribution may account for some differences in comparison with the 
Monroe Creek and Harrison lists above. These differences may be 
reduced or increased by further exploration. 



Homotaxis. — 1, Lower part of Rosebud of Matthew; 2, Gering 
of Darton, Hatcher, and Peterson; 3, Monroe Creek of Hatcher; 
4, Harrison of Hatcher; 5, Middle portion of "Martin Canyon 
beds" of Matthew, Colorado. 

Fauna. * — Among Carnivora, Nothocyon, Mesocyon, Enhydroq/on, 
Nimravus; among Rodentia, Ento-ptyckas, Sleneofiber, Evha'psis, 
Meniscomys, Lepus; among Perissodactyla, Parakippus, ^Anchi- 
ikerium, Dieeraihenum; among Artiodactyla, Elotherium, Eporeodon, 
Mesoreodon, PromerycoetuBrus (very abundant and characteristic), 
Leptauchenia, and Hypertragulus. 



Homotaxis. — 1, Upper part of Rosebud of Matthew. 2, Deposits 
near Laramie Peak, Wyoming. 3, Upper part of Harrison of Peter- 
son, western Nebraska. 4, Sununit of "Martin Canyon beds" of 
Matthew, Colorado. 

Fauna. — (1) Few species pass from the lower part of the Rosebud 
into the upper part. (2) The Elotheriidse, Hypertr^uhdse, and 
Promerycochegnis have probably disappeared. (3) The Dicer atheriinse 
continue. Among Carnivora, Cynodesmus, MegalicHs, Oligoiunis. 
Among Insectivora, Arctoryctes (a supposed member of the Chryso- 
chloridse). Among Rodentia-Geomjddse, Enioptychua, Lepua, and a 
heteromyid. Among Perissodactyla, 2 families: PardKippus, other 
Equidffi, Diceratherium. Among Artiodactyla, 4 families: {a) Dico- 
tylidjB, DesmatJiyus; (b) among Oreodontidie, Merychyus is ex- 
tremely abundant and characteristic; Merycocheerus also appears 
for the first time ; (c) Camelidte, Profornen/x; (d) Cervitisi, Blastomeryx. 

' A lower UloceDe fHuna from Soutb Dakota: BuU. Ant, Hiu. KaC. Illst., vol. 23, 1907, pp. lOB-aiS. 
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V. FIFTH FAITHAL PHASE. 



Fresli migrations via EuraaiH— First appearance of African Proboscidea, 
of true Pelinse among the Felldee, of short-limbed Teleoceruue among' 
Rhinocerotoidea, animalB occurring' in the lower Uiocene of Surope — 
Svidence of increasing summer droughts. 

MIDDLE MIOCENE (EUROPE, STAGES HELVfiTIBN, SARMATIEN, 
TORTONIEN). 

PAUITAL CEAKOES. 

1. North America. — In the formations which are now commonly 
classed as middle Miocene, but which may prove to represent lower 
and middle Miocene, we meet another very profound change in the 
mammals of North America. This change is threefold : It consists (a) 
in the occurrence of more advanced evolutionary stages, among the 
CamelidEe and Equidse especially ; ( 6) in the extinction of many mam- 
mals characteristic of the Harrison or upper Rosebud or lower Arik- 
aree, which we are here considering lower Miocene; (c) in the sudden 
appearance of a large number of new forms of African (Proboscidea) 
and Eurasiatic (e. g., Rhinocerotidfe, Teleoceriufe, Pecora) origin. 
The appearance of several modernized selenodont artiodactyls or 
Pecora must have effected a change in the external aspects of the 

■fauna which was only less striking than that caused by the masto- 
dons and the bulky rhinoceroses. 

2. Europe. — As regards (6) and (c), a similar extinction and sud- 
den appearance also mark the base of the European Miocene, the 
Langhien or Burdigalien as represented by the Sables de l'0rl4anais 
of Europe. The conclusion is that these North American middle 
Miocene formations contain animals which first appear in the lower 
Miocene of Europe, just as the American lower Miocene contains 
animals which first appear in the upper OUgocene of Europe. At 
least, this is the hypothesis on which our correlations are based at 
present, allowing considerable time for migration from the old to the 
new world. 

14. BEEP OIVEB BEdlTEKCE, BCOTT; TICHOLEFmS ZONE, COPE. 

(Figs. 1, 10; PI. I.) 
H0MOTAXI8. 

Ameriea. — This is in large part the "Loup Fork fauna" of Cope's 
descriptions, because his materials were chiefly from this level in 
Colorado and Oregon beds, (a) Central Plains: 1, Horizon E of 
Hayden and Leidy; 2, "Pawnee Creek beds" of Matthew, north- 
eastern Colorado (75 feet), immediately overlying the Harrison; 
3, "Panhandle beds" of Gidley, northwestern Texas. (6) Northern 
Plains: 4, Upper part of Deep River sequence (Smith Creek) or 
Tieholeptus zone (of Cope), Montana; 5, "Flint Creek beds" of 
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Douglass (150 feet), Montana, (c) Mountain Region: 6, Mascall for- 
mation, Oregon {lower part, 1,000 feet), capping the Columbia River 
lava (1,000 feet), which in turn overlies the John Day formation. 
The Colorado (Matthew") and Montana (Scott,* Dougiass*) faunffi 
are the best known and are closely equivalent in age, 

Europe.— Homo taxis with Europe is provisional, owis^ to: ( 1) Un- 
certainty as to what we should regard as the base of the American 
Miocene ; (2) uncertainty as to the speed or rate of migration from 
Europe. The new mammals of this stage (viz, Proboscidea, Teleo- 
cerinse, and Pecora) are all from Europe, where they form the chief 
characteristics of the lower Miocene; but we may suppose that these 
animals occupied a portion of the lower Miocene period in migrating 
from western Europe to North America, 



1. Scott first (1893') fully characterized the upper Deep River 
fauna of Montana as prior to the so-called "Loup Fork" of Colorado. 

2. Matthew-' first (1901) clearly distinguished the fauna of our 
so-called middle Miocene ("Pawnee Creek") from that of the upper 
Miocene or typical Niobrara River "Loup Fork" of Hayden, and the 
above correlations are chiefly due to him. 

3. Its negative characters are; Nonoccurrence of Artiodactyla- 
ElotheriidsB and Hypertragulidte (which apparently became extinct 
during the lower Rosebud) ; of Perissodaetyla-DiceratheriinaB (which 
apparently became extinct during the upper Rosebud). 

4. Its positive or new characters are: (1) The first appearance of 
Proboscidea by migration from Africa. (2) By migration from west- 
em Europe or Eurasia: Among Camivora 2 new and distinctive 
Eurasiatic subfamilies — (a) true Felidse- Feline, Psevdielums; (6) 
Canidfe-Amphicyoninse, Amphicyon. Among Perissodactyla-Rhi- 
nocerotoidea, a member of the Teleocerinie closely similar to the 
lower Miocene Teleoceras aurelianensis of France. Among Artiodac- 
tyla-Cervjdfe, PaXxomeryx; other peculiarly American modernized 
ruminants, Merycodus (family Antilocapridse) , date from this stage. 
Among Rodentia the new family Mylagaulid^ (also American) 
appears. Thus in our so-called middle Miocene the peculiarly 
American Hypertragulidse disappear; the European Cervidee and the 
peculiarly American Merycodontime take their places. 

"Matthew, W, D., Foaafl mammalB of the Tertiary of nortdweatem Colorado: Mem. Am. Mus. Nat. 
Hist., vol. 1, pt. 7, Not., 1901, pp. 355-4*7. 

'Scott, W, B., The Mammiaift ot thi Deep River beds: Trans. Am. Phtloa. Soc., n. a., vol. 18, 1896, 
pp. 55-195, 

'Douglasa, Earl, The Neocene lake beds of weatera Hontana: Univ. Montana, doctorate theals 
Juoe, ISm. New vettebrstse from the Montana territory: Ann, Cameine Mus., vol. 2. 1903, 

'See Appendix, p, 01. 

'Scott, W.B. The mammala of the Deep River beds: Am. Neturallat, vol, 27, lSe3,pp.65B-««3. The 
Uamm^la of the Deep River beds: Trans. Am. FbUoa. Soc., n. e,, vol. IS, 1885, pp. 5^1S5. • 

/Mattbew, W. D., op. dt., pp. 358-374. 
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Plains fauna. — Of local evolution on the Great Plains the Equidie 
exhibit, as the moat distinctive genus, the first of the Hippotheriinie 
or Merychippus stage of horses with subhypsodont molar teeth; the 
large hrachyodont Hypohippus is also found, as well as Pardhippus, 
Among Rhinocerotidte, the hornless Aphelops first occurs, also Teleo- 
ceras. Among Tapirid«, Tapiravus. Among Camelidse, Miolahis 
continues, Protolabis appears, and AUicamelus succeeds Oxydactylus- 
Among Oreodontidje, the family reaches a climax of differentiation 
in 7 genera, including Merychyus and Merycochcems, but adding the 
very characteristic genera Ticlwleptus and Oyelopidius, which are 
probably direct descendants of Eporeodon and Leptauchenia of the 
preceding stage. Among Rodentia-Mylagaulidee, Myhgavlus, Oera- 
iogavlus. Among Canid%, Oynarctaa, Amphicyon, and other less 
aberrant genera. 

Mountain Region fav/na of the MascaM formation. — ^The Mascall for- 
mation of Oregon, overlying the Columbia River lava and subjacent 
John Day, is partly homotaxial with the middle and upper Miocene, 
The fauna, sparsely known, includes very primitive horses with 
short^crowned teeth {Archseohippua, Parahippus) ; also the more pro- 
gressive Merychippus, which is characteristically middle Miocene, 
although it persists into the upper Miocene. We find Miolahis among 
Camelidie. Among Cervidss, Paheomeryx. Among Proboscidea, Tri- 
hphodon. An ungual phalanx of the Edentata-Gravigrada type is 
certainly reported from these beds (Sinclair); the true South Amer- 
ican Gravigrada are first known to occur in the middle Pliocene 
(Blanco formation of Texas). 

MOUNTAIN REGION FLORA. 

The flora seems to point to a more recent age for these beds, but 
American florse generally are more progressive than the vertebrate 
fauna. The Mascall flora was considered upper Miocene by Lesque- 
reux. Knowlton " also concludes that the flora is of upper Miocene 
age; from his list cited by Merriam'' (1901), Hollick" observes: 

I judge that the meteorological, climatal, and physiographic conditions indicated 
would be comparable to those now met with on the Atlantic coastal plain at about 
the latitude of the Carolinaa. A majority of the trees, such as Salir, Quercux, PlanuD, 
Aralia, Acer, Pmnui, etc., belong to the Temperate ikine, and represent a flora similar 
to that of this vicinity [New York, lat. 42° N.]. Accompanying these, however, are 
a tew of more southern distribution, such as Taxodium, Laurut, SapiTidvs, and FicuaT, 
which indicate that the flora as a whole should be regarded as warm-temperate. The 
indicated moisture factor is a little more difficult to determine. MarsUea is an aquatic 
plant, and the characteristic habitat of Taxiidium is swamp land, while the other 
genera might represent either lowland or upland species. 

1 Knovlton. F. H., Fossil Qotil of the John Day 
6 Merriftm, J. C, A contribution to the geology 

Cttiifomift, vol.2, 1901, pp. aos.aw. 

' Letter ol February a, 1006. 
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UPPER MIOCENE (EUROPE, fiTAGE PONTIEN). 
IS. OQALALLA 70BIU.TI0N (IN FAST) ; PBOCAKELUS ZONE. 

(Figs. 1, 10; PI. 1.) 

HOMOTAXI8 AND STNONTMT. 

North America. — This includes the "Loup Fork" of Leidy, Marsh, 
also of Scott and Osbom, in part. 1, "Nebraska" of Scott, 1894, 
western Nebraska." 2, Cosoryx zone, Scott,* 1894. {The genus 
Cosoryx is preoccupied by Merycodus, so it appears that this name 
can not be used.) 3, Ogalalla and Arikaree of Darton (in part), 
1899, western Nebraska. 4, Protohippus zone of Osbom, 1907. 5, 
" Santa Fe marls" of Cope, New Mexico. 6, "Clarendon beds "of Gid- 
ley, Llano Estacado, northwestern Texas (75 feet). Northern Plains: 
7, "Madison Valley beds" of Douglass, Montana (1,200 feet). 

Europe. — fit age Pontien, Pikermi, Eppelsheim. The sokialled 
"Loup Fork mammals," although including Hipparion, are not quite 
so modernized as those of Eppelsheim and Pikermi, which should be 
regarded as lower Pliocene. 

This fauna has become universally known as the "Loup Fork 
fauna" {Cope, 1877), owing to errors on the part of Hayden, Leidy,. 
Cope, and their successors, arising from the confusion of late Miocene 
and upper Pliocene faunse. But, as shown fully on page 84, the term 
"Loup Fork" is equivalent to "Loup River," and the latter term 
was originally applied so as to include an upper Pliocene or lower 
Pleistocene formation containing Elephas imperator. 



This is one of the best known, most widely distributed, and 
most characteristic faunce in all the Tertiary series. There is np 
evidence of a fresh Eurasiatic migration, but rather of rapid local 
evolution. The genus Protohippus distinguishes it clearly from the 
middle Miocene, which contains Merychippus only. Other new dis- 
tinctive genera are the camels Procamdus and PUauchenia, the 
horse Neohipparion, and the rhinoceros Peraceras. The wide distri- 
bution of a similar fauna at this stage indicates widespread condi- 
tions of aridity and a uniformly favorable environment, summer 
droughts probably lengthening and eolian deposits increasing. From 
Montana on the northwest and Texas on the southwest to Nebraska 
in the central west we find a very similar list of animals; so the homo- 

" Bull. Oeol. 8oo. America, vol. 5, 18M, p. SB5. 

* Under a mlBapptBhenelOQ Ba to Scott's deflnLtlon of the term 'Nebraaks," both Hatcher anil Peter- 
son flret applied this term to a part of tha lower Arikaree or lower Miocene. 

'Mattbew,W.D.,andQidley,J W.,Newo[llttlekDownn) 
etc.: Bull.Am.Uu9.Na(.HIat.,vol.»,1904,pp 241'2r>8. Se 
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taxis of the American horizons "Nebraska/' "Clarendon beds," 
"Santa Fe marls," and "Madison Valley beds" is singularly well 
established. 

Among Rodentia^Myl^aulidffi, 1 genus. Among Sciuridse, 2 gen- 
era. Among Camivora-Canidee, Mlurodon, Gynodesmusi'i) , Boro- 
phtigus, Dinocyon{t), and Ischyrocyon. Among Mustehdie, Mustela, 
Liitra, Potamotherium,, Brachypsalis, Putorius. Among Felidte, Paevr 
dsdurus (Fdia of Leidy), and large machterodonts of uncertain genus. 
Among Procyonidte, Leptarctus. Among Perissodactyla, 3 families: 
(a) among Equidss (5 genera), Pratohippua (5 or more species), Neo- 
kipparion (5-12 species) with long crowned teeth, Merychipptis per- 
sisting with intermediate teeth, Hypohippus and PwraMppus (Mon- 
tana) persisting with short-crowned teeth; (6) among Khinocerotidie- 
Teleocerinae, 2 genera of the short-limbed type occur — Tdeoceras, 
Peraceras, also Aphdops ceratorhinus; (c) among Tapiridffi, Tapiravus. 
Among Artiodaetyla, 5 families: (a) Camelidie, including Pliauche- 
nia (its first appearance, 2 or more species), Procamdus (its first 
appearance, 2-7 species) ; (b) among Oreodontidie, Merycockeerus (2 
species, Montana), Merychyus, Pronomofherium; (c) among Meryco- 
dontinte, Merycodus; (d) among Dicotyhdte, Prosihennops (Montana) ; 
(e) among Cervidas, Palseomeryx (5 species), Blastomeryx. Among 
Proboscidea there occur the long-jawed types analogous to TrUo- 
phodon angustidetis of Europe. 

LAST PHASE OF MIOCENE OR FIRST PHASE OF PLIOCENE (EUROPE, 
ETAGES PONTIEN, MESSINIEN). 

A late phase of Miocene, or early phase o^ Pliocene, is the deposit 
on Republican River, in northern Kansas. It is, provisionally and 
subject to further exploration, distinguished (Matthew) from the 
so-called "Loup Fork," or "Nebraska," of Scott. Its fauna presents 
certain parallels with the Pikermi and Eppelsheim fauna (placed by 
Dep^ret in the upper Miocene) of Europe, even if not of more recent 
age. It is widely separate from a second and much later phase, rep- 
resented in the Blanco formation of northwestern Texas, which is 
much more recent in its fauna and is here regarded as middle Pliocene. 

16. OQALALLA FOBHATION (IN PART); PEOACEBAS ZOHE. 

(Figs. 1, 10; PI. I.) 
HOMOTAXIS. 

America. — 1, Upper "Loup Fork" (100 feet) of Republican River, 
northwestern Kansas. 2, Ogalalla formation (typical), Darton, of 
southwestern Nebraska, 3, "Archer formation " of Florida (in part), 
4, Rattlesnake formation of John Day Valley, Oregon, 

Europe.— Vontien: Eppelsheim, in northern Europe; Pikermi, in 
Greece; Mont L^beroD, Vaucluse, France, 
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From our present knowledge, the close of the Miocene or advent of 
the Pliocene may be characterized : Negatively, {1 ) by the absence of 
Artiodactyla^OreodontidsB and the rarity of Merychyus, Meryco- 
chcerus, etc., which thus far are represented only by fragmentary 
specimens; (2) by some reduction in the number of Camehdse (in this 
family Pliauckenia is now the characteristic genus) ; (3) by the rarity 
of the browsing horses (HypoMppus) ; (4) by the disappearance of the 
Perissodactyla-Chalicotheriidte. Probably some of these absent 
forms will be unearthed by future exploration. Positively, (1) by 
the more advanced evolution of the Rhinocerotidse in progressive 
species of Teleoceras, Peraceras, and Apkehps; (2) by more progress- 
ive but -still long-jawed forms of Proboscidea-Mastodontidse, with 
four or more crests on the molar teeth. 

Characteriatic animals are: Among Rodentia-Mylagaulidse, Myla- 
gaulus, also a new and more specialized genus, Epigatdus Gidley; 
among Castoridte, Dipoides; among Camivora, both Fehnse and 
Machserodontinse ; among Canidse, Mhirodon, fDiiwcyon; among 
Rhino cerotidse, Teleoceras, Peraceras, Aphelops, including the pro- 
gressive species A. TuaUicorhinus; among Equidie, Protohippus; 
among Artiodactyla, 4 families, {a) Dicotylid*, Prosthenops; (b) Cam- 
elidse, Procamelus, Pliauckenia {a large form), AUicamehis (typical 
in the Rattlesnake formation, Oregon); (c) Merycodontinse, Mery- 
codus; (d) Cervidse, Blastomeryx; among Proboscidca, Trilopliodon 
campester and T. euhypodon are recorded, both with long jaws. 

16a. SATTLESKAEE FOBIUTIOIT (200 FEET) OF JOHH DAY VALLEY, OBE&OH. 

(Figs. 1, 10; PI. I.) 

The sparsely known fauna of this formation, as determined by 
Merriam,'" Sinclair, and Gidley, contains the tortoise Clemmys 
Jiesperia Hay. Among mammals: Perissodactyla, (a) Equidae, Plio- 
Tiippus supreimts, (6) Rhinocerotidte-^Teleocerinse, indet. ; Artiodac- 
tyla, (a) DicotylidiE, indet., (6) Camelidse, AUicamelus alius (the 
typical form), also Pliauckenia; large species of ProcOTnelus still 
survive. 

PMOCENE. 

HojnoUtxis. — Pliocene homotaxis must be prefaced by the state- 
ment that the American fauna is sparsely and imperfectly known aa 
yet, and that correlations with Europe (Stages Messinien, Plaisancien, 
Astien) are very provisional. The gaps will undoubtedly be fiUed 

eventually. 

1 See Appendix, p. 115. 

t A contribution to the geoLogy of the John Day baaing Bull. Dept. Geology, Univ. Calllomla, 
vol. 2,1801, pp. 310-312. 

56092— Bull. 361—09- 6 
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VI. SIXTH FAUXAI. PHASE. 



Land connection with. Soutli AmerlcB ree«tabli«hed — bivasioii of South 
Amttilcan Edentata-OravlgTada a.nd Olyptodontla — lOgmtion of North. 
American manunalB to South Ameiica. 

Decidedly distinct and more recent than either the typical "Loup 
Fork," the upper "Loup Fork" deposits on Republican River, 
Kansas, or the Rattlesnake formation, is the Blanco formation of 
Texas. 

MIDDLE PLIOCENE OR SECOND PHASE (EUROPE, fiTAGE ASTIEN). 

IT. BLANCO FOKKATIOHi aLYPTOTKEBIUlI ZONE. 

(Fig. 15; PI. I.) 

HOMOTAXIB. 

North America. — Plains fauna: 1, Blanco formation of Cummins," 
Cope,* Gidley" (100 feet), Llano Estacado of Texas. 2, Ogalalla 
formation of Darton (? in part), northwestern Nebraska. 



Fia. 15.— Diagrajninatic sectlan of tb« Staked Plains (LUno Estacado), l^ias, sbowliig tberelationa 
of tlie"C[anmdon"(or Proiahippiu tone), " Rock Creek " (or Equiuiom), and Blanro (or GivpW- 
Mertum lone) to tlm undarlytng ■■panliandle" (or IMerfcochantttaix). Attar J. W.Oidley, 1908. 



This faunal phase is clearly characterized negatively: (I) By the 
undoubted extinction of the Oreodontidse, (2) by the apparent 
extinction of the Rhinocerotidse, (3) by the apparent but not yet 
fully demonstrated absence of the forest or browsing horse Hypo- 
hiffus. It is distinguished from the upper Pliocene of Europe (^tage 
SiciUen) by being antecedent to the appearance of the genera Equus 
and Ele-phas. It is characterized very positively: In Texas (4) by the 
firet appearance of South American Edentata-Gravigrada, Mylodon, 
Megfdonyx; (5) also by the first appearance of Glyptodontia Glypto- 
therium; (6) in Texas and Nebraska by short-jawed Proboscidea with 
molar teeth in some respects resembling the Stegodon type, Dihelodon 
minficm. 

a CanuDins, W. F., NoMe on the geology ol northwest Teias: Third Ann. Kept. (Jeol. Survey Teiaa, 
IffJI (18P2|, pp. 129-200; Fourth Ann. Bept., 1892 (189S), pp. 179-238. 

1 Cope, E. D., A preliminary report on the vertebrato paleontology ol the Llano Eatacado: Fourth 
Ann. Kept. Cieol. Surrey Teias, 1892 (1893J, pp. 1-136. 

c Gldley, J. W., The freeh-wnter Tertiary of nortbHeBtorn Teias, ett.: Bull. Am. Hub. Nat. Ulet., 
vol. 19, 1903 (Blanoi), pp. 624-632. 

ii See Appendix, p. 91. 
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The fossiliferous horizon on Loup River in Nebraska which 
yielded Dibdodon mirijicus has not been recently explored. The 
fauna is sparsely known from the Blanco formation of Texas. It 
includes among CamivorarCanidiB, Borophagus, Amphicyon being 
doubtfully present; among Mustelidie, Canimartes; among Felidse, 
Fdis Ji/iUianus, the earhest positively known appearance of Felis. 
Among Proboscidea from this level is Dibetodon mirificus (Nebraska, 
Texas) ; among Artiodactyla-Dicotylidte, the lai^e cursorial peccary 
Platyqomis first appears; among Camelidse, Pliauchenia of very large 
size; among Equidsa, iVcoMpparion and ProtoAippiw continue; among 
Edentata-Glyptodontia, GlyptotJierium resembles Patwchth/us of the 
Pampean in type, but is less speciahzed; Megalonyx and Mylodon 
occur. 

UPPER PLIOCENE OR LOWER PLEISTOCENE. 

18. ELEFHA6 HfPEBATOB ZOH£. 
HOMOTAXIB. 

North America. — 1, Horizon F of Hayden and Leidy, upper part 
only. 2, "Loup River" of Meek and Hayden, 1861-62, Nebraska. 
3, Certain formations (unnamed) in Texas and Mexico, containing 
Elephas imperator. 

Europe. — In Europe the uppermost Pliocene is distinguished by 
the disappearance of Bipparion and the advent of Elephas (E. meri- 
diondlis) and Equus {E. stenonis). 

HISTORY AND SYNONTMT. 

According to the decision of the conunittee on geologic names of 
the Geological Survey, the typical beds of this stage may for the pres- 
ent be known as upper Pliocene or Elephas imperator zone. The 
ground for this decision is the confusion in the application of the terms 
"Loup River" and "Loup Fork," which apply to the same stream; 
also the confusion in the usage of the term "Ivoup Fork." 

Horizon F, or the typical "Loup River beds," on "Loup Fork 
of Platte River, extending north to Niobrara River and south to 
an unknown distance beyond the Platte," were first characterized 
by Meek and Hayden" (1861-62) as follows: "Fine loose sand, with 
some layers of limestone — contains bones of Canis, Felis, Castor, 
Eqiius, Mastodon, Testvdo, etc., some of which are scarcely distin- 
guishable from living species." Of the bones collected in this locality 
Leidy*observedinl869; "Other remains of elephants, as Doctor Hay- 
den supposes them to be, he observed in association with those of 
Mastodon mirificus, Eguus excehus, and Bipparion at the head of the 
Loup Fork branch of the Platte River; also between this point and 
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the Niobrara River and on the latter." These species were deter- 
mined by Leidy as follows: Ehphas imperator Leidy, Mastodon mirifi- 
cus Leidy, Eqiius excelaus. 

The type of Equua exceUua is elsewhere stated to be from the "Paw- 
nee Loup branch of the Platte or Niobrara River." In the same 
article" a somewhat fuller description of the "Loup River beds" 
makes them include all the deposits down to the top of the White 
River group, and the faunal list contains several Miocene genera in 
addition to the more modem types first cited. 

The term "Loup River" was again employed by Hayden in 1862, 
1869 (introduction to Leidy's memoir), 1871, and 1873. 

It is unfortunate that this upper Pliocene or lower Pleistocene hori- 
zon, although fairly well defined both geographically and fauniatically, 
should have been confused by Hayden and Leidy themselves (see 1869, 
pp. 15-21) with the very much older horizon or true upper Miocene, 
as part of their Horizon F, including the very rich upper Miocene 
faunal list. Thus Cope,'' while referring to the very same Nebraska 
fauna which was described by Leidy "^ in 1858, applies the terms "Loup 
Fork epoch " and "Loup Fork beds" to the " Santa Fe marls " of New^ 
Mexico. The error thus spread into all the subsequent literature. 
It appears, therefore, that: (1) "Loup River" is the original nanae. 
(2) "Loup River" originally included an upper Pliocene or lower 
Pleistocene horizon. (3) "LoupFork" is essentially the same name; 
it is a synonym of "Loup River;" it was defined in still anothersense 
and has been generally used in a very different sense, and must drop 
out of use entirely. 

PLEISTOCENE. 

VII. sevi:nth faunal phase. 

Increasmg cold, moisture, and foreste-tion — Third modernization by a grad- 
ual Euraeiatic invasion of hardy, forest, Suviatile, mountain (alpine), 
plains, and barren-^ouiid fauna Gradual extinctioii of the larger ITng^- 
lata, of the native North American stocks, of the South American invad- 
ing stocks, of the Miocene invading Eurasiatic and African stocks. 

LOWER PLEISTOCENE (PREGLACIAL), 
Our knowledge of the mammals in this period is still confined to 
the western plains and mountains. 

The American Pleistocene begins either with the Ehphas imperator 
zone (referred above to the upper Pliocene) or with the Equus zone. 
The exact position of the Elephas 'imperator zone, also the question 
whether it is of the same age as the Eguus zone, remain to be deter- 
mined. In the present review only a few of the characteristic Pleisto- 
cene deposits will be included, because the subject of Pleistocene cor- 
relation and succession is in its infancy. 

nMeekiuid ilayn™, Proc. Xcad. Nat. Soi. Philadelphia, vol. 13, 18« (I8IK1, p. «S. 
&Kept. U. S, Gtog. Survey W. lootli Mer. (Whioler), pt. 2, 1877, pp. 20,301. 
c Proc. Acad. Nat. Sei. Philadelphia, ISSS, p. 20. 
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19. EttUUS ZORE. 
HOMOTAXIS. 

America. — Plains and border' fauna. 1, "Sheridan fonnation" 
(Scott ") or, 2, Equus zone, Hay Springs, northwestern Nebraska. 
3, "Rock Creek beds" (Gldley''), Tule Canyon, Llano Estacado, 
Texas. Widely scattered and numerous deposits in Great Plains and 
Mountain regions, some of which have received distinct formation 



Europe. — Preglaclal. Forest beds of Norfolk (England); St. Prest 
(Eure-et-Loire) ; Durfort (Gard), containing Elephas meridionalis (its 
last appearance). The European fauna of this period includes 
(Osbom,'' 1900) 12 Pliocene species, 32 Pleistocene species and races, 
now extinct, and 17 living species (7 Insectivora, 1 Cheiroptera.) 



It is noteworthy (Matthew,' 1902) that chiefly the Plains fauna 
and no purely forest fauna of this phase is known, a fact which may 
account for the nonappearance of certain forest-living types. There 
is some evidence of increasing moisture and of the renewal of streams 
and of forests; for example, at Hay Springs, northwestern Nebraska 
(a slightly earlier phase), the presence of streams \a indicated by 
Fiber, of wooded rivers by Castoroides. In Silver Lake, Oregon (a 
slightly more recent phase), a partly fluviatile and wooded country is 
indicated by Fiber, Lutra, Castor, and Castoroides. 

The mammal fauna ' is characterized negatively (1) by the absence 
or disappearance of Perissodactyla-RhinocerotidEe, (2) by the non- 
appearance of Bovides or Ursidse. It is characterized positively by 
the first appearance (3) among Equidte, of Equus (3 species); (4) 
among Proboscidea, of Eiephas (2 species), E. columbi, E.imperator;/ 
(5) among Artiodactyla, of the distinctively American genus Antilo- 
capra; among Caraelidfe, of Camelus; among Rodentia, of 6 new 
modem genera and the first appearance of the extinct Castoroides. 

More in detail, among Rodentia of Nebraska and Oregon occur 8 
existing genera of the same region, Arvicola, Fiber, Thomomys, 
Geomys, Cynomys, Castor, Lepus, and Castoroides; among Camivora- 
Canidffi, Canis (3 species); among Mustelidas, Luira; among Felidse, 
Felis; among Edentata, Mylodon and Paramylodort" (plains or river- 

<■ Bull, Geo). Sdc. America, vol. ft, IX9S, p. 400. 

"The (reBh-waWt Tertiary of nortbwceteniTejias: Bull. Am. Mus. N«t. Hist., voL 19, 1803, p. «a. 

cCorreiatlon, Ptc: Ann. New York Acad. Scl., vol. 13, 1909, p. 3«. 

d See Appendix, p. SI. 

t Itotthew. w. D., List of the Pldstooor 
Hist., vol. IS, art. 34, Sept. 25, 1902, pp. 3i; 
Am. Naturalist, vol. 23, IgSB, pp. 970-932. 

/ As noted on p. S3. E. imperator may repitisent a late Pliocene phBtie, 

s Brown, Bamum, Bull. Am. Mua. Nat. Illst., vol. 19. I9ai. nn va-'jS 
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border types); among Perissodactyk-EqumK, only 3 species; among 
Artiodactyla, 4 families: (a) Camelidro, Eachatius, Camelops (2 spe^ 
cies), Cdmetus; (6) Dicotylidse, Plaiygtmus; (c) Antilocapridie, A-nti- 
locapra (first appearance); id) MerycodontinK (last appearance of 
this peculiarly American subfamily, genus Capromeryx) ; among Pro- 
boscidea, Elephaa columbi, E. imperatar. In the "Rock Creek beds" 
of Texas is found a supposed Dinocyon {Borvphagus) or one of the 
Ursidie. 

MIDDLE PLEISTOCENE (GLACIAL). 

ontBaAL CHAAACTSBI. 

. Our knowledge of the American mammals now for the first time 
becomes continental because it represents deposits in all parts of 
North America. 

The general characters of the middle Pleistocene as a whole may 
be summarized as follows: 

1. This long period, which will eventually be divided into faunsl 
substages, as in Europe, is distinguished negatively by the absence 
of the lower Pleistocene mammab (1 ) Elephaa imperator and (2) Artio- 
dactyla-Merycodontinse, and (3) by the gradual extinction of the 
resident large quadrupeds. 

2. It Is marked chiefly by the gradual invasion of a Eurasian hardy 
and boreal fauna and thus distinguished positively by the first re- 
corded appearance (1) of Ursidse; (2) of Bovidse — (a) Ovinse, (6) 
Bovinie, (c) Rupricaprinae; (3) of 3 genera of the larger northern 
Cervidte, namely, Alces, Odoeoileus, Cervus (it is noteworthy that 
Bangifer does not appear in our mid-Pleistocene) ; (4) among Pro- 
boscidea, Elepkas jfrimigenius and E. columbi succeed E. imperator, 
and the appearance of Mastodon americantis is first recorded. 

3. The hardy forest and glade fauna both east and west increase 
in number and variety, including the Cervidse and Ursidte. 

4. The resident plains and forest-border grass-eating forms (Equi- 
dffi, Camelidse, Elephantinse) diminish in number and gradually 



5. Among all the larger Camivora and Herbivora only 3 resident 
families, namely, the Canidie, Dicotyhdse, and Antilocapridte, survive. 

6. Thus all the less hardy previously invading Eurasiatic, South 
American, and native North American animals disappear. 

7. Thus again we note the gradual extinction (1) among Edentata 
of the South American Gravigrada and Glyptodontia, (2) among 
Perissodactyla of the Indigenous North American Tapirid^e and 
Equidfe, among Camelidse of Camelus, among Carnivora of the Machse- 
rodontince or saber-tooths; (3) among Eurasiatic forms of the Ele- 
phantine. 

8. The question of latitude, or more northerly or southerly dis- 
tribution, becomes more important on account of the increasing cold. 
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The diTisions of the mid-Pleistocene will ultimately be clearly 
marked off, first by the succeasive disappearance and extinction of 
the less hardy lower Pleistocene forms, second by the appearance or 
invasion of the more hardy modernized forms. 

The following table is rherely approximate: 

Order of appearanee and disappearanfe of lawfr Pleigtocene forms. 

APPEARANCE. 

Early Plmloeetii 
Mylodon (central). 
Paramylodon. 
Platj^nuB. 
Elephas columbi. 
Antilocapni. 
Camelua. 



Mid- Pleistocene. 



Elephafi primigeoius. 
Mastodon. 
OdocoileuB. 
Haploceras. 

Erethizon. 

CervuB (late). 
Ureus (late). 
Rangifer (lat«). 



EaTly Pleisloivne, 
Elephas imperator. ' 
Capromeryx. 
TParamytodon. 

Mid-Pleutoeene. 

Mylodon. 
M^alonyx. 
TapiniB. 
Arctotheriuni. 
Elephas columbi. 
Elephas primigenius. 

Upper mid-Pleittocene. 
Smilodontopsis. 
Mastodon. 
Eqnu.. 
Mylohyus. 



EABLT PHASES OF THE KIDDLE PLEISTOCEmt. 

The earliest phase, corresponding with the earliest mid-Pleisto- 
cene of Europe, is probably at present unrecognized jn America. 
Other early phases of the middle Pleistocene may be provisionally 
distinguished as follows: (1) The true European stag Cervus does 
not appear; (2) the Camelidse, Equidfe, Tapiridte, Eden tat a-Gravi- 
grada, and Elephantidse still survive; (3) many extinct species of 
modem genera and many surviving modem species appear. 

Port Kennedy cave, Pennsylvania.^-Tlie Port Kennedy cave " has 
yielded 54 species of mammals, 40 of which are now extinct. From 
an analysis of its fauna, Bamum Brown ^ is inclined to place it in the 
early part of the mid-Pleistocene. The climate was apparently 
temperate. (1) It lacks the early Pleistocene genera Elephas and 
CUmeZus, but the latter has thus far not been found in eastern deposits 
at all. (2) Among surviving lower Pleistocene forms it includes (a) 
of the Machserodontinse, 2 species; (6) of the Edentata, 2 genera. 



o Ueroer, H. C, The be 



.t Port Kennedy, Pennsylvania: Jour. Acad. Nat. Sd. PhiladelpKla, 
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Megahnyx, Mylodon; (c) of the Periasodactyla, Equua, 2 species, 
Tapirua; {d) of the Dicotylidse, Mylohyus. (3) Among newly enter- 
ing northern forma are: (a) Odoeoileus; (6) Ursus, 2 species; (c) 
ErdMzon (the first recorded sppearance of the Hystricomorpha in 
North America). (4) We note the absence of Bovidee. 

TwelvemiU Creek, Kansas. — ^On the plains of western Kansas, in 
Logan County, on Twelvemile Creek, a tributary of Smoky Hill 
River, is a deposit formerly considered by Williston" as of lower 
Pleistocene age, but now known to be of mid-Pleistocene age. In 
the blue-gray marl underlying the recent plains marl are recorded 
Etephas primigenius {?E. columbi) , Platygonus compressus, and a num- 
ber of specimens of Bison ocddeTitalis (Lucas). Among Primates, 
Homo is indicated * by the occurrence of an arrowhead certainly 
associated with the skeleton of Bison ocddentalis and believed by 
Williston to be in situ. 

SUB8EQ17EIIT FHASES OF THE VmSLE PLEISTOCENE. 

HOMOTAXIS, 

America. — Potter Creek cave, Shasta County, Cal. ; Silver Lake, 
Oregon. 

ENVIRONMENT. 

Environmental conditions on the Pacific coast were quite different 
from those in the Middle and Eastern States: (1) All glaciation on 
the Pacific coast was comparatively late In the Pleistocene and of the 
alpine type (Sinclair). It is quite possible, therefore, that many 
types of mammals (elephants, mastodons, camels, bisons) survived 
in the comparatively mild climate of the Pacific coast after they had 
become extinct in more easterly regions. 



Potter Creek cave. — The very rich Potter Creek cave fauna ia 
regarded by Merriam and Sinclair ' as a late phase of the middle 
Pleistocene, or even as late as the last quarter of the Pleistocene. It 
contains 37 genera and 49 species of mammals, of which 8 genera and 
22 species are extinct, 3 are doubtfully extinct, and 21 are still exist- 
ing. It is chiefly a forest fauna; forest types are numerous and 
plains types are lacking. 

Positively we note the survival or presence of the edentates Mega- 
lonyx and Nototherium; also of Equus and Elephas. Among Artio- 



i: Truu. Intern. 

U County, 
! Biploratton o( the Potter Creek cave^ 
,rch. and Etb., vol. 2, \o. 1, 1904, pp. 1-27. New Hammella lioin tba 
.: Bull. Dept. Geology, irnlv. ColUonila, vol. 4, ISOS, pp. lU-IU. 
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dactyfa-Cervidse, the typical American deer Odocoileus is abundant. 
Negatively we note the absence or disappearance of Perisaodactyla- 
Tapirus, of Camivora^MachEerodontinse ; these absences may have 
been due to local conditions; the machierodonts are frequently asso- 
ciated with a Plains fauna, as in the California asphaltum deposits. 
The nonappearance of the genus Cervua as well as of Rodentia- 
Hystricomorpha is significant. 

A large number of new types appear. Among primates the pres- 
ence of Homo is indicated, in the opinion of certain anthropologista 
(Putnam), by supposed bone implements; others (Memam") regard 
this evidence as inconclusive. Among Camivora-Ursidse, remains of 
Vtsus and Ardotherium. are very numerous; among Felidse, Felis (a 
species of large size), Lynx; among Canidfe, Vrocyon, Vulpes, Canis; 
among Muatelidse, Taxidea, Mephitis, Spilogale, PiUorius; among 
Procyonidse, Bassariscas; among Rodentia, 17 existing species; 
among Artiodactyla, (o) Dicotylidie, Platygonus (a doubtful determi- 
nation) ; among (6) Cervidfe, Odocoileus; among (c) Bovidse, Bison; 
among {d) Rupricaprinse, Haploceras; among («) Ovinse, Eucera- 
theriujn'' (related to Ombos); among (/) Camelidse, Camelus; among 
Kdentata, Megaionyx (a forest and foothill edentate), 4 species; 
among Perissodactyla-Equidffi, Eguus, 2 species; among Proboscidea, 
Mastodon (its first appearance, the species at present indeterminate), 
Elephas primigenius {?E. columfn). 

Washtuckna Lake, Washington.' — Of about the same age are the 
deposits of Washtuckna Lake, Washington, a forest, mountain, 
and open-country fauna, imperfectly known. Among Camivora- 
MustelidEe, Taxidea; among Felidse, Felis concolor, F. canadensis^ 
amoi^ EMentata, Mylodon; among Perissodactyla-Equidfe, EquitSj 
among ArtiodactylarCervidEe, Alces, 2 species, Odocoileus, 1 species; 
among Camelidse, Camelus, 3 species; among Rupricaprinse, Haplo- 
ceros. 

Samwel cave, California. — In Samwel cave, Shasta County, Cal., 
is found (Furlong '') a fauna much more recent than that of the 
Potter Creek cave, including Preptoceras (with affinities to Ovihos 
and closer affinities to Eucerathenum) . Among Rodentia the Hystri- 
comorpha appear; among Artiodactyla-Cervidas, Odocoileus; among 
the absent or nonrecorded forms, Ursidse, Ardotherium. 

aHerrUm, I.e.. Recent caTeeiploratlon In CallComia: Am. Antbropologlst, Apr<l-Jui]a,lWe,p.3£l. 

b Sinclair, W. J., and Furlong. E. L., Evtcratheriinn. a naw ungulaM from f.ho Quaternary cavoa o( 
Calilornla: Bull. Depi. neology, Univ. California, vol. 3, ISM, pp. 411-418. 

cMattbew.W.D., List ottbe Pleistocene fauna (lom Ha; Springs, Nebraska: Bull. Am. Mils. Nat. 
Hist,, vol. 21, 1902, pp. 32I-.122. 

il Furlong. E. L., The aiploration of Samwel cave: Am. Jour. Sci., 4tb ser., vol, 22, Sept., ISOfi, pp. 
23.1-2*7. 
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LATE PHASE OF THE HID-PLSISTOCEIIX. 

The Conard fissure of Newton County, Ark.," contains a typical 
forest fauna that hved in a region with open glades similar to the 
present landscape. It is very rich in individual specimens. Of the 
37 genera and 51 species of mammals represented, 4 genera and 24 
species are now extinct. Twenty genera and 6 species which occur 
in the Port Kennedy cave are also found here. Of the surviving 
species many are now distinctly northern or boreal types, such as 
Microsorex, Mustela americaTia, Erethizon dorsatus, Cermts canadensis. 
There are also 7 species of amphibians and reptiles and 7 species of 
birds. 

The Proboscidea, Edentata, Tapiridee, and CameUdse of the earUer 
Pleistocene faurue have all disappeared or are not represented. 
Only Equvs and a machserodont (SmModorUo'psis) survive. There is 
no evidence of Homo. 

Among Camivora, (1) Uraidse ( Vraus) are numerous; (2) among 
Felidse-FelinEe, Felis, subgenus Lynx; among Machserodontinse, 
Smilodontopsis (Brown), a surviving saber-tooth; (3) among Canidte, 
Oanis, Vulpea, and Urocyon; (4) among MuStehdte, Mephitis, SpUo- 
gale, Brachyprotoma (an extinct skunk, also found in the Port Ken- 
nedy cave fauna), Muatela, and Putorius; (5) among Procyonidse, 
Procyon; among Insectivora, Elarina, Sorex, Microsorex, Scahps; 
among Cheiroptera, Vespertilio an<l Myotis; among Rodentia, Lepus, 
Microtus, Fiber, Neotoma, Rei^rodonlomys, Peromyscus, Castor, Geo- 
mys, SpermophUus, Tamias, Sdunis, Arctomys, and the hystricomorph 
Erethizon; among Artiodactyla-Dicotylidse, Mylohyus; among Cer- 
vidae, Odocoileus; among Equidie, Equus (represented by a single 
tooth); among Bovidte?, the aberrant musk ox, Symbos. 

CONCLUSION, 

The conclusion is that North America promises to give ua a nearly 
complete and unbroken history of the Tertiary in certain ancient 
regions, which are, after all, comparatively restricted. The middle 
and upper Eocene is approaching solution, but the lower and basal 
Eocene still require additional surveys. The chief remaining gap is 
now in the Pliocene stratigraphy, which calls for very exact geologic 
sectioning and most careful systematic or faunistic comparisons. 

Materials are at hand for an establishment of the Pleistocene 
sequence, which will be of the greatest aid to geologists. Here espe- 
cially the paleontologist must work with the greatest caution in the 
identification and description of species. It would be easy by care- 
less methods to separate two depositions which are actually closely 
similar in age. 
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PAUNAL LISTS OF THE TERTIARY MAMMALIA OF THE 
WEST. 

By William Diller Matthew. 

BASAL EOCENE. 

First fhase — Puerco. I Second phase — Torrejon. 

Polymaatodon zunc. Panlolamixla zune. 

1. S&n Juan baaln, New Mexlcn. 



Neoplo^aulAx ameiicajiuH Cope. . . 

CatopsiiUs foliatus Cope 

folrmoiitodoD tooeDBlg Cope 

PolymastodoQ attanuatua Cape. . . 
PolymaBtodon selanodus O. and E 



Neoplwlaulax molHstus Cope. . 

Ptllodua medlffvus Cope 

PtilodUB troveesarttanuB Cope. . 
PolymaBtodon dasldensCope... 





:| DldyTDlcllahay 


m 


I Clienodoa comi 
1 rcSioiSn''^t 




HEBONTCHmS 




II Di8»acmnaTajo 






Trtlsodoo gaudrlaniia (Copet 


X aarrothrauaios 
/ Microolienodon 



. ___js slmplei {Cops) 

Lozalophue byatttaniu (Cope) 
Loiolophui pilBCUt (Cope) 
tioxok^oe attenuatuB O and E 
Caidnodon nihoUaiius (Cope) 



?atn.*(Copc) 

ICopel 

.ogoaloldes (0>pe} . . 



sBUrgEtis Cope . . 



Oi\rLamnj' " 



Paiadoxodon rL 



[ Chriacus nrlvldene (Cope] 

I CbrlaeoB baldvlnl Cope 

ChiUoiu tnmoatuB Cope 

I nullum iililiiBmirmiin Tnni 

TikNotn lubtilKoniu (Cope) 

I Tiioentee oraailBDllldniB Cope 

Ddtatherlom fundamlnle Cope. . . 



le referable to itie Insectlvo 
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BASAL EOCENE— Continued. 
INSECTIVOKA. 

r HVOFBODONTID*. 



Uloctenus tDTglilunculuB Cope... 



Ifloclsenue turgldus Coj 



IdioclfenuH lemur 



<a ^Vti 



::iJli 



- otarljdens Cope . 

Onyehodeotos tlsonenBEs Co^... 



11 MLsodecKa puQgaia Cope 

' Ulxodectescrossiusculua (Cope).. 
i inilrodon malaria Cope 



T^^NIODOMTA, 



multliTB^um Cope. . . . . . I X 1 

"Cope I X I 



CONDTI.ARTHBA. 

Phehacodontids. 

; II Tetraolimodon puereensls (Cope) .. 
I L TeiniclienodoD minor (Uatthew) . . . 

AMBLTPODA 



Conocodan oitoconus (Copei 
Conacodon cophiiwr <rope) 
Anlsoochus Ellilajius Cope 
HemitblceuB fcowMlevBklanuB Cope 



|| PPiiptTChuB carinidena Cope 

PertptjchiiB rhabdodon (Cope).. 

I llaploconus lineatus Cope 

|i HabloconuxcomiculatUB C.opi>.. 



FAKTOLAHBDIDjE. 



LOWER EOCENE. 



C<yryphodon zone. Lambdothirkii 

1. Typlpftl Wasatch, Evanston, Wyomfng. 1. Wind Rtverbasi... ^ 

2. Black Buttes. Wasbaklp heBln, Wromlog, 2. Lower Huerlano, Colorado. 

3. Bighorn Valley, Wyoming. 

A. San Jiun baBlo, New Uei<co. I 



ABE — Wind River. 
. and Baih}iop»i» zone 
, Wyoming. 



PRIMATES. 

NOTHABCTIDJ:. 



PelyooduB JarrovU Copa 

Pelycodua tutua Cope 

Pelycodna tmgivoms Cope . . 



er Frogllrea ol 



Pdyoodufl sp. 

' NotharctUBTeatlcolus OBbom... 
Notbarctua palmer! Loomia 

I Notbarctua cingulatus LoomlB... 
^latlouablp, according to Osbom. 
according to Matthew. 



OP WESTERN NORTH AMEBICA. 
LOWBR BOOBNH— Continued. 

PB IM A.TE8— (knitiiiiKd. 



Anaplomorphui hom 
Anaptomorpbus m i t 



; C>-nodontomya »p 

X .. MlcrosyopBacottlaiiDaCope... 



CARNtVORA 



UiEtacyon masaetertcniC 



OedecWaap 

VulpavuB canavus (Cope) 

VulpATug brsTliastils (Cope) . . 



Oiysena lupins Cope 

Oiytena forcipiita Cope. . 
Oiy»na morBltflne Cope . 



SInopa viverrtna (Cope) 

SInopa stranus (Cope) 

8lQopflmulii™api8(r,opa).. 

Sinopn hianB inope) 

SInopa opiBthotoma MatttW' 



r| Oivffna huertftoonsiB Oabon 

„ OivienaBp 

■' PatrtorelletfgrtnuB(Copo).. 



IlY.eN0DONTID£. 



UEaONVCIItD^. 



Pal»oe[Dopa veterrima Hsttbewl 



INSECTIVORA. 



I, PalieoBlDopa dIdelpholdeB (Cope).. 



Hyopaodue mlllculus (Cope) I 

Hyopsodua lemolniaDUB (Jope... 
Hyopaodus powelltanns Ope ... 
Hyopsodua laticuneus (Cope) . . . 
HyopsoduB simplfli LooralB 



Dlacodon alticuspis Cope l 

Diacodon celatus Cope 

Dldelpbodue abaarokie Cope<...l 

» r-MliodecMdtB (Insectlvora). 

*Oen, nov. Tjpe, Vinlaiyonpro 



II HyopeoduB woitmanl Oabo 
] HyopaoduB browDf Loomis 
Hyopsodua jack BOnI Looml 

HyopeodUBCf. p 
I HyopaoduB Bp.. 



iwellianua. 



Diavralrom VIn 



IS Iftilognaihut, Osb 
It. .r. L. Wortman. 



s. Nal. Hiat.. vol. 1, 
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CENOZOIC MAMMAL HORIZONS 
LOWEB EOCBNS— Continued. 

TIUX>I>ONTIA. 



Esth a burmelsCerl Cope i 

E h n aceTCope 

E h n ulcatusCope. 

E h n patulartus Cope i 

P m p niEBvus Loomla 

P ram g dratus Loomis ....i 

Param wateri Loomis ! 

Sou vu bucKatug(Cope)....' 

CaUmodOQ simplei Cope 1 

Calamodon ansnKenUB Cop«.. . . 

EctogsnuB glirlformla Cope I 

Drrptodon oraBaus UBTBh | 

Fhenacodua prlmteTua Cope.-,--' 1 

Fbenwodua nimteniia Com 

Fheiueodiia bemlcoiius Cope 

PhBDMDdiH utQtiia [Copei D I 

Fbenacodua fUgrflDS (C(^) : 

PbenaeDdua bradiyptemua Cope . 
Phenacodua mscropterDus Cape. 

?PhenB<codua aulcatua Cope A 

Eobjue dlatsns Uarsb 

Eobfua robuatua Uarab 

Ectoclon oabomianua Cope | 



RODENTIA. 

IBCHYBOUTIDA. 

II ParomysbicuiplBLooinle... 



T^NIODONTA. 



■| PbenacoduA wortmanL Cope-. 
■I Phenacoduisp 



MENiacoTBKttmia. 



CorypbodooradJaneCope.. 

Coryphodon testla Cope 

Coryphodon Lobatua Cope 

Coryphodon elephantopus Cope. 
Caryptiodoa hamatue Harah .... 

Coryphodon latldena Cope 

CoiTphodon eurvlfristls Cope... 
Coryphodon armatua Cope 



X ll Coryphodon wortmani Osbo 

X X . ?Coryphodon alngiilarta Oab 

EOBASILEIDX (=UTNTATIIBRITI>X). 

BatbyopalaflaaldBnaCope... 
PEHI S S OD A CTTL A . 

< I ;■ HeptodoncaldculusCope... 
I X ll Heptodon ventoruinCope... 

Tapibid*. 



8 jstemodoQ protapir 



S«n.1 



OF WESTERN NOETH AMERICA. 

LOWER EOOEITE— Continued. 

PERI S S OD A CTT li A -Continued. 



Eohlppus perDlx Uarsb 
Eohlppui valldus Marsh 
Eohlppus Ta9«(wiea9ls (Cope) 
Eohlppua IndBi (Cope) 
EDh[ppu9 anguatldens (Cope) 



13 (Wor 



Eohlppua euspidBti 

Eohlppua c 

Eohlppua r 

Eohlppua borealls Graogar 

Eoblppus lesartus Uranger 



I ~ Bbohtothkbiidx) . 

Lambdotherium popoa^um Cope. . . 

EotltanopB horealls (Cope) 

Eotltanopa brownlanua (Cope) 



ARTIOD A CXYX A . 

TBIOOHOLBSTIItA (— ? DiCHOBUNIDX). 



TriEoiKdeiteB brachyslflmu 

(Copel 

Tngonoleatea cbacenals (Cope) 
Trigonoleetea nuptus (Cope) . . 
TriRonolBsles metalacue (Cope: 
Helobf ue etaaglctu (Cope) 



ICIBDLE EOCENE. 

BE — BhIDGER (lower PART). , SECOND PHASE — BrID<1BR(UI 

Orohippiit zone. 1 Uintatherium zone. 



3. Upper Huerfano, Colorado. 



le Bastn, Wyamlng, 



PRIMATES. 

NOTMABCTIDf. 



Palyeodusap 

Nolharetas tenebroaus Letdj 
Nolharctus roslratua (Cape) 
Notharctus affliiia (Marah) 
Nothaictus anceps (Marsh) 



Nothan 
Nothan 



TanlillafUarsh).. 
crasBua Marsh... 
It Telmstoleetea b[ 



Omomys am^hlnt Wortmwi 
EuryacodoQ lepldus Msrah 
AnaptomorphuB smulua Copi 
7 Anaptomoiphua ep 
? Smlwdectes graoilia (Marahi o 



m grficllla Harsh . . . 
m pygmEBUB Wortm 
I InagnlH Leidy 



MlCBOSTOFID E l> 



Mlcroayops sp 

"r-Uliodectldee (Inseclivi 
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MIBDLB EOCBNE—Continued. 

CARNIVORA (CREODONTAJ. 

UlACIDA. 



Mlacia parvlvorua Cope 

Ulntacyon vorax Leid y 

ULntacyon edux Leidy 

? Ulntacyon bathygnsthus (Sen' i ' 



ilhyansti 



Oodectesflp. II .. 

VulpnvuB pokutrls Ui 
Vulpavufiflp. Indesc.. 
Vulpnvue sp, Indeac. . 



ULntacyon voriw Leidy. . . 

Ulntacyon sp. Indesc 

Ulntacyon sp, Indesc 



PatrlD[«ll9ii]Cal>l(ly.. 



■ PatrtofeUBleroiCMacsh)... 

I Limnocyon ep. IndsM 

I Limnocyon ! verus Marsh. . 

I Thlnocyon medlUB Wortmai 
Tblnocyon ap- Indeac-.----. 



[lYSNODONTlDX. 



Slnopa rapax Leidy.. 



....XI || Synoploth. 
I N 8ECTI VOR A . 



.-.jX|> 



I Oen. Btsp. Indesc .. 
! Gen.rt sp. indeso .. 
' " — 3tflp. Indesc... 



I' Centetodon pulcher Uarah... 
I. Ccnletodonnltldens Marsh.. 



Hyopaodua paiilue L- 



Pantolestea sp. indeec... 



o-'P. ulla Leidy," Osborn, Dull. Am. Hub. 
F. uUo of l^ldy. 
t Including Dromocyon vorax Marsb. 



'I Hyopsodns s 

Hyopeodus » 

II Hyopaodua r 



rfesiefl sp. indi 



OF WESTERN NOETH AMEHICA. 
HDDIiX KOO^fE— Continued. 

TILLODONTIA. 



TrogosuB oaatoridani Laldya. 



Paramya dellcatUB I«ldv. 
I'siBmye dslleatior Lsldy. 
ParamyB dellcatlsslmiu Li 



Sclurevus unduiB Hanih 

Sduravua [ia.TvideTui yarsh. . 
SduravuB minEniua (Leidy). 

THIomyB parvus Uanli 



Panunys leptodiu (Cope) . . 

Paramyssp. div 

Pseudotonms sp. dlv . , 

ScluravuB ap. dly 



MBtachelromys marehi W 

Metachelromyfl daBypiu OBbom . 
Matachelromya tatuale Oabom . . 



EDENTATA. 



. ' Metachdramye sp . . 



7 Ulatatherlum ep . . 



Ufntatbetlum re 



(DlQi>c«raB> mirablle Marah 

(DEnoceraa) agreflte HatBh 

(DliiOc«raB) lattceps Haiab 

(D[noceraa) luoareHarah 

(Tinoceras) anceps Manh 

(Tlnooeraa) craaaif rone MarBh. . . 



jlinoceraajL 

(Tliiocera*) longiceps lt»ish . . . 

(linoceraa) ptignax Uanh 

(Tliioreraa) Btenope Marah 

(Tiuocetaa) vacana Uarsh 

(TIrocprat) afllniB Uarsh. . 
(Tlaoceiaa) aimecleiia Marsh... 



HyrachyiiHagrarfua Leldy 

Hyrachyua an. dlv 

7 Hyrachyua^Blrdianus (Hsnh) . . 
Hyracbyus paradaxua O.. 3., and H 
Colonowras agreBlla Marsh 



I Hyrachiniae 

■ Hyrachyuali _, 

I Hyracbyua ciaaslden 

i| Hyrachyua princi— - ' 



I Hyrachyua princepa Marah X 

, Hjrrachyus Imperlalls O., S., and S X 

Hyraebyua an, dtv i x X 

II TrIplopusmbltallsCope. X 

I " Tripfopus " amsromm Copii 1 x 

Qldentlfied by L«[dy with Anchippodus velvlai from a Tertiary fonnatlon In New Jersey. The 
typeol A. velalui la Indeterminate generloally, and tt lanotoflrtain that It belongs to the same iamlly 
aa TVogonMand TaioUieriBBi. I retain IVoffonuas distinct In order to avoid a rnlsleadliig corielatlon. 

^TliLs species may belong to the npper " Washakie" level, and to the genua EobaiiiUui. 

56092— Bull. 361—09 7 

I, J Google 



CENOZOIC MAMMAL HORIZONS 
HIDDLE BOOENB-^ntiaaed. 

PBRI8 SOD ACTTIiA— Continue. 

LoPHTODOIJTIDa. 



fielaletfODi 



rohlpfiui fc ^ , . . 

Orobtppiu procyouliiUB ICope) . . 

Orohlppu* major Uanh 

Oroblppui cliKtus (Cope) 

OrohlppuB oabomUDU* (Cops),. 



DllophodoD I 
Taphiidjl 

I II Isectolopbus Istldeos (S. ud O,). 
Ettunrs. 

I r Oroblppus i^lTiitlcuB (i^tddy) 

I OroblppnflaclliA Vanb.^_.. 

I ;< OroblppusuinuiDUB (Uanb} 



TlTANOrnERItDX (<=fiBONT0THBRnDjl 



Paleoa^npa hlunills L<!ldT.. 
Paleeosyops Tobostu^i Harsh . . 
Llmnohyopa dbiconu ~^ 
TdniMSertum 
Telmathnri 



Hdum'r™;. 



Trlnuitberlum bfognatbum S. and O. . . 
TBlraathertum moRarhlnDm Earle 



PalEOSJ'OpllUB sp. div.. 



ARTI OD A CTYX A . 



Sarcolemur hiiratua Cope 

Naoomeryi caudatos Uarab . . 

Hdohfiu plicodon Harsh 

Eelohyus sp. dlT 



HelohyUB lentUB (Marsb) 

Me1ohyu>valldua<Marsb).... 

Helohfus ap. dli 

ntbrgrammodoDcamBloldeB 



UPPER EOCENE. 

First phase. I Second phase— True Uikta. 

Eobatiieua zone. Diplacodon zone. 

1. Wasbatle Baaln, Wyoming (upper l«d«). 
I. UiuU Basin, Utah fhorlsona X and B>. 
I. TSagc Creek, Hoatana. 
I. T UppenaOBt Brld^er (borlion E), Wyoming. 



» Basin, rtah (borleon C). 



NOTHABCimjt. 



CARNIVOKA (CRBODONTA). 



II MlaclB vulpUmaei. and O.. 
MIftcia mnlensis Osbom... 
II T l.intacyOQ scotti (W. and 



Haipuolectes ulntenais (S. and | 

o.y:-^ 

HBrpagolesWa ap. Indear 



ME30NTCH1D£. 



proCesaoT Oabora'a fortbct 

1906, p. KAU, [orinclunonof ^omacodon and n jat^ gem 
nw and Sareolemur to tila gfoup is hajwd on comparls 



reriaed and tbe list ol genera and species considerably extoided in 
„ mograph on Ibe family. 
de« echwelierlBchea Eocins, IV. Th.. Abhandl. Scbw. pal. Qes., vol 23 



OF WESTERN NOBTH AUEBIOA. 

TTPPBB BOOBNS— <k>ntinaed. 
CARNITORA (PI8SIPBDIA). 



11 Ppocynodlctli voliaoopB W. bjuI M.. 



RODENTIA. 



Faiun^a M^uroides S. a 

Pftrsmy' «p. dlv 

P9Bu35tomu9 9p.dlv.-. 



EobaeileuB cornutus Cope 

Eot>aBlleus tuicatiid Cope .. 

EobsslleuB preeelcomls Cope . ■ 

Eobaslleua gHleatus (Copej 

Eobsilleua ep. dlv 



II Protopt rchuB hi 
A-M BL, VPOD A. 

E0HASII.EIDjB. 



PBRI S S OD ACTYT.A. 

J JyBACODONTlO*. 

; I X I II Tnplopiiii<ibll(iu[dRiia(S. mdO.)- 



EqniDf. 

^1 Eplblppus uiDtensiB Uarsb 

l' Epiblppus graclilB Marsh. _._, 

|j Epihippua parvus Granger 

TlTANOTBnnnS (=BltONTOTHEBnD£|. a 

js(Osbom)' I X i I II DlpUcodonel&tua M&rsh 

X DlplacodoaemarKiaatus Hatcher... 

ODum Os- DiplscodoD sp. 
X Telmathflrliim 



Ai^soodon n 
Acbtenadou u 
AchEenodOQ bj 



t«nBiB(OBbom)!J 



lS(0!b 



ARTIODACTTLA, 



bAact. Stehlln, Seefoi 



100 



cBirozoic maUhal HOTltzolrfl 
TTTMCB EOOSIfS— GontJnQed. 

Aft-noDAOTriul.-Contlniied. 



Leptotiaguliu pra&viii 8, and O 

TLeptotTwulus sp 

Leptoreodod F nunbl Wortrnan 



I LeptotmEuliu [fvie (Marah) . 
Leptotngulua eulcsatue (Man 
FrotflopuapeterBoni Wortmi 



|ThB figures show 



OBEOtKlNTlD^. 



odon pafvm 8. and o. . . 
Protareodon piUDlJus (Ilarah).. 
Piotonodan paradoiiciu ( Scott 



K»ng« of Eocana gensM. 

.. Crotna Indicate U 





Baad. 


I^Bsr. Ulddle. 


rpper. 




First 
phase. 


S«cond 


p'^. 


phwB. ph«B. 


^r;* 


First i Second 
phase, ph-s8. 


«"'■""■"""■ 
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OP WESTEhN north AMERICA. ■ 
Aange of Eocene geaara — Continued. 





BftSBl. 


Lower. 


Ulddle. 


Upper. 




First 


ph^ 


ph^ 


Second 
phase. 


First 
pha«. 


phase. 


First 
phase. 


Second 
phMe. 


C.«™vO».(CEEOI«>KTX)-™nf., 
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Frotoptyohiis 





CENOZOIC MAMMAL HORIZONS 
Bangs of Bocone g«uei&— Continued. 





Baaal_. | Lovei. | UtddkL 


Upper. 




Flrrt 
phut. 


anondl lint 1 Second 


ph^ 


Sflcond 
phue. 




pluun. 
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DiplBTOdon ! 













< Including JTtlinihodtm. 

d Tncludlnfl Protorahipptu. 

t tncludiiiK OraOieTium, HeUMjtpnt, OH^tManuu, u 



,1,1.1, Google 



OF WESTERN NORTH AMERICA. 

Range of Bocene genera— Continued , 





BuiJ. Lower. 


ICiddle. 


Upper. 


..„...„,,., 
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Second 


FlMt 

phase. 


Second 
phage. 


Fir.t 
ph««. 


ss 


phase. 
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LOWER OUOOCEITE. 



h Dakota and adjoli 



— . 1 adjoining pai 

2. Horsetail Creek, nonbeaetern Colorado. 

3. Plpaatone Croak, Thompion Creek, and ot 

4. 8wlft Current Creek, Canada. 



MARS TTPI AU A . 

DlDBLI^TIDC 

ratherliun tltanelti Matthew. 

^RNITORA (CREO- 
nONTA). 

HT.GNODONTID£. 



T PseudopterodoD mlnutii 

(Douglaaa>o 

Hemlpeeladon ^randls Cope.. 
HyKBOdon sp 



CARNITORA (FISSI- 
PEDIA). 



Daphsnua dodgel Scott. . . . . . 

Dapheenue sp 

Cynodtetis palerculus Uatthei 

Cynodlctts ap 

T CynodOQ sp 



INSBCTITORA. 



Ictops acutkleoa DouelaSB 
Tctope thorn ponl Uatthew. .. 
letops montSDUs Douglass. . . 



Xenotherlum unlciun Dougiasi 



a The type of this Bpedes Is at piesen' 
the spsKmen Qgured by Uattbew, IMQ. 
kAuct. L. U. LambelDliC. 



KODENTIA. 

Sl^lCKIDf, 



Cf llndrodon tontia DougUsa. . 

■Dutypomysap.t 

IndetennlDate. The reference to Piaidoptendim i 



,, Google 



CENOZOIC MAMMAL HORIZONS 



LOWEB OUaOCENB— Continued. 



RODENTI A— Con (Inued. 



iBChyromye veterior Matthew. 
QyinnoptTCbUB (— AdlLdaumD) 

minutus (DouelMfll 

OymnoptyctiUB (— Ad1Ld»unio) 

mlnimue Uatthew 

Palsolagug temnodon D oukIbh . 
p^foli^niB bracbyodon Uat- 

PERISSODACTTTiA, 

H TRACODONTIP * . 

ETrBcodoD prlMideoe L&mbe... 
Hyracodon Bp 

Metainynodon sp 

RatnacKicOTniM, 

TrlgoniaB oeboml 

Tr[goDiaHsp 

I.eptu«iatDertiini triganodiun . 
Cenopun (— Bubhvracodon) sp. 

div 

Csnopufl cf. platycepliaJuB O- 

Csnopiu mittH Cope 

LOPmODOHTlDA. 

Caiodoa (— Mesotapinu) 
dental^a Leidy - 

EquiDA. 

MfiBohlppus pT0t«u1ophus Os- 

Merohlppus hypoatylua 

MesablppUB celer Uarsh 

Ibwahlplnis moutaneusis O 

Ifesohlppiia latidenii Douglasi 
Uesohlppu!! pcecocldoia Lsmt 
Hesotatppuspropinquiu Lamb«. 
Ucsobippiis sUbolopbua Lambe 
Hesohtppus {daaidens l.uiibe.. 

Lam be. 

MbsoblppUB ? brechyetylus Oa- 

'■Cbslfcothertum" biloba 
TiTtNOTHKHima; ( - Bbonto- 

THEBUDf ) . 

Tltonotberium proutl Leidy 

TItanotbertum nelocerua (Cope) 
Tftanothertum trtgonoce 

Tllanotherium IngwiB (Mftrah) . ; 
MegaceropBColoradenBla (Lddy) 

Uc^aceropa diapsc (Uaran) : 

Uegaceropa angustlgenls Cope. . 
M%af eropa aelwynlanus (Copi^) . 
M^acerops tloboceraa (B. — ' 

M^acerops robuatua (Mar , 
Ilegaoeropa bracbycepbalus Os- 

" Oeneilc refen 





'■ 


'■ 


3. 


PBm880I>ACXYl.A- 


, 




X 


arsf.vffiS'".--.-.:- 








X 






BrontoUiiriuin ^t^iWas (8. 




BronfothBrtuin bueco (Cope) . . 


ARTIODACTYX^. 

TtPS). 
Elotberium (-EDUlodob) co- 


•i^^'ii'—.'.r-' 


Elotherium l-Entalodoo) ap. 


DlCOTTIJD«(-TiQAflflIdD.a), 


LlPTOCHdBlDa. 

Hyopotamua (-Ancodon) 




OBEODOKTIDS (-AOEIOCHIK- 

Onodon (-Merycoidodob) by- 


Oraodon (- liMTCoidodon) al- 


Oreodob (-Uerycoldodim) biil- 






AgiiochiBruB mlnlinus Doug- 






TilgBDlous aoelalia DouglaBB . . . 
Trtgeciiciia mamoiifer Cope. . . 




? 




CjUIBLIDj:. 



t locomct; family refennce vc 



„, Google 



OP WBBTEKN NORTH AMEBICA. 

lOCDLE 0I.IGOCBNS. 

Bkulb (i«wes paet) (Whitb Eivbr oboup). 



I. Lover Bnile, £ 



th D&kota uid kdjobiliig parts ol Nebruka 






Peralhaiiuin I 



igai (Cope) 

IcuBplB (Copel . . 
lintlf{Cope) 



Fer&theriuni pygmsei 



UlJEI 



and W, . 



HysnodoD honldua Leidy. . . 
H jenodon oniantuB Laldy. ., 
Hyienodon oniclaiiB Lefdy. . 
Hytenodon paucidenB O --■ 
HyffiDodoQ leptocspbalue ^. .^.u ^ 

Hyeenodon muaielfn lib Scott 

HysFDodoD moatanuB Dougluw.. 

CARNIVORA (FISSI- 



DapbOBDUS vetua Leldy 

DaphoenuB hart«homlaau8(Cope).. 

DapbmnuB lellniu Scott 

DaphcBnua nebraaceiuds (Hfttc1ur)'i 



DapIUEnaa InBatiu (Batcher) .. 
Cynodlotis grtgarfn* (Cope) .... 
CynodlctlB nppltu^ottluius (Cop 



Hoplopboneus u 
EfoBmllua) . . 



JB Occident alia (Leidyl 



INSECTIVOBA. 

EB1HACE1P.S. 

Proterti loomial Matthen 

LEpncTni.s. 

Leptletls haydeni Leldy 

IctopB dakoteoslB L«ldy. 

Ictopa bullatua Matthew 

IctopB porclnuB (Leldy) 

MesodoctBB oaniculua Cope 



a Mr. Hatcher rc^rded tbiB and the 
tlveeharactera are (imctfonB sltherod 
regarded aa ol generic ' 



INS BCTIVOB A— Continued. 



Domnlna gradata Cope 

Domnlaa oraaalgenla Cope. . . 
TOeolablB rbyncheeuaCope. . 



RODEINTIA. 

SCIITRTPS. 

ProBclunifl rellctilB Cope 

ClATOBlDA. 

Eutypomys thomaonl UattI 



- . tatus (Copel... 

Oymnoptychus (— Adjldaumo) 

UVUtTIM. 

EumyBsleguia Leldy 

Lefobidx. 

PalBBoUgas haydeni Leidy 

Paleolagus turgldiis Cope 

PERI 8 SOD ACTYIM.. 

HTEiCODONTloa;. 



Hyracodon nebraacenais Leldy... 

Hyracodon aiddena Cope 

Hyracodon major S. and O 



Uetamynodon planllToiia B. and O . . > 



Cfenopua (-aubhyracodon) simpll- 

cldenaCope 

LeptaveratDPrlum trlgonodiun (O. 

"Hyracodon" planlceps 8. and O... 
AnctalaodoD quadripUcatua Cope... 

LoPHiooounni. 

C>jlodon (— Uesotaplrua) proeuHpl- 
datuaO.aod W 

ColodOD (— llesotsplrus) dakotenBls 
O.andW 

Colodon I— Mesotaplnia) ohigiilataB 

Colodon (— UeBotaplrue) longlpes 



llowlng apeclesaB lypea oldlatlocteenera. Ass 
...... .^. -..e 8l£e o( the Bpeclea or the wear ol the teeth tbay 

anoe, D. ntbraicttult la In fact very cloael; related to 1 
iartihimHanut. 



|] the dlatlDC- 
»D hardly he 



CBNOZOIC MAMMAL HORIZONS 
KIDDLE OUOOOENB— Coattnoed. 



PER 188 OD ACTYLA — < ■oi 



ProUrtnia (linplBi Wortman and 

Iffcohlppui bairdll Ldidy 

HcBOhippuii obllquldeTu Oabom... 

MHOhlppuB eulopbuR Ogbom 

llMmhlppui stoletue (Cope) 



Elotberhun (— Entelodoo) inoitoDi 
(Leidy) 

Elotberium (— Eatalodon) ingeiu 
LeIdy 

ElotWriiun (— Entelodon) crasniE 
Uanb 

PolonaJ! ramoau* Cope ■ 

DlCOTTlTD* (— TAOASSUlPa). 

Perchoprua probun Leidy 






m {Mftf, 



LEPTOCHIERIPS.'' 



AWnODA.CTTl.A—Coa. 



Leptochteraa robostua (Mareh).. 

Leptocbierua gncUia Usnh. 

Bt<b> nil obtiulLobui Cope 

StLbaniB quadricUBpla fHAtcher). 

Obfodontuu ('^AaBiocaaBiDJ!). 



Agricwhcpnis sntiquiu Laidy 

Agrlochipnu latif roiu I^ldy 

""""""" ■ "trjcoEdodlm) cu]b«rt- 



Leldyl... 
p (-Mcryi 



rcaidodoD) gracilis 



OtBOdoo (— Metycoldodan) oo 

deoalt Cope 

Oreodm (— Meryctridodon) peilcii- 

Oreadou <— Uerycoidodon) macro- 

Oreodon (— Heryooldodon) ai 

bullaliu Leidy 

Leptauchenla sp 



1 1 YPE STB lOULI Pf . 

Hypertroculus caPoatutlu Cope,., 

HypettTflfepluB «p. div 

Lpptomecyx evaasl Leidy 

l«pMmeryx «p.dlT 

Hypiaodue mlalinuB Cnpe 



poebTotherliua lahlatum Cone. . . 
Paibirotberluin eiimlum Hay . . . 

Paratylopua prlmtevus Hattbew 



JTPFBK OLIOOCENE. 



Protocenu and lower Leplauchenia zt 



Second phase — John Dat. 
Diceratherium. and Promeryeochoena zc 



Id Canyon, Colorado. 



I. BlaclrUU Deer C 



CARNITORA (FISRIPEDIA). 



Paiadapbwnns cuapigerua (Cope* 

Panidaphffinus tranaserBUa W. and U 

Nothocyon eelamarianus (Cope) 

Notbocyon femur (Cope) 

Nothocyop Itttldena (Cope) 

Cynodlotis lamnodon wr 4 M 

Cynodlctie oreeonensla Herrlam 

Meaooyoncorypba!US(Cope) 

Meaocyon Josepbi (Cope) 

o 1 Upper Ollgocene. 

l> Tbis group may perbapa belong In Dirhobimidr. 

'Chiefly auel. J. C. Merriam and W.J. Sinclair, Tbe leve 
e,a 11 \s datemitned only by character of matrli. Wberc tbe level is unknon 
and f, the lower beda or thelormatlon bfing practically barran. 

d AddltiODSl speclea Crom tbia region bare beeo deacrlbed by Douglass alnce tbe date ol preparatloD 
of tbeee liata. See .Min. Came^le^iis., vol. *, No. 1, leOT. Tbe Oriodon boriion la alioli^aded In 
these expoaaififl . 

< Uore ptDbably Lower Ulooene. 



OP WESTERN NORTH AMERICA. 



UFFBB OUaOCBHB-Coiitinne<). 
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CABRrrORA (FI88IPSDIA)- 

CudDS— ContlDDtd. 

MeBOcyoD drammonilaiius BouglMi 

Uencyonbracbjops Ucrrium 

TeDmacyoa oJllieiilB Cope 

Tanmocron waUovlanus Cope 

TamncKyon leroi EyBrm»nn 

PbUotroi coDdonI HeirlBm 

Enhydrncjoa ileDoceptaslus Cope 

Enhydrocyou baslktua Cope. 

Eabydrocyon sectorlus (Cope) 

UUBTIUDA. 

OU«ibuDiscn«BiTiiltaai> (Cope) 

FanctI* prtmesus Scott 

MnlcUi bOmbltninK Adune. , 

DlDlotls ofclopB Cope 

Nlmrams BomiAodiH Cope 

NlmnTOB conloniu Cope 

Nlmravaa debUli (Copel 

PogonodoD pUtvmplB (Copel 

Pogonodon bradiyopa Cope 

Hoplopboneiu d&Tlal (Merrlam » 

Hoplopbooeufl coreb rails Cope 

Hoplopboneiu iDsolcna AdaniB 

EUBjnllUHdftkoteQals Hatcher 

IN8BCTIVORA. 

PioKBlopa mlocsnuB Uattbew 

RODBNTIA. 

SC]UBID£. 

Prosciimu wortmaQl (Cope) 

PrOBCluniB balkulanua (Copa) 

StowoBber uebraaceDsls (Leldy) 

Steneofibei penlnaulatua Cope 

SteaeoQber gradatue Cope 

SteneoAber complexua Dou^uia^ 

SteueoHber besperus DougltUa 

EptoptTchua cavlfrobs Cope 

Entoptychiu planltronaCope 

EDtop^biu minor Cope 

Entoptjot^ orMalnuma Cope 

Entoptycbia lambdddeus Cope 

Entoptycbus epenyl Slnctali — 

Entoptrohna roatratus SlDcL^r 

Pleurolioui suldlroni Cope 

Pleurollcua leptopbira Cope 

PleuroUous dlplophysus Copo 

Allomys nltene Marab 

AlloDiya hlppodua (Cope) ..- 

Altomya muItlpUciitus (Cope) 

Allomya liolonbus (Cope) 

AllomyaoavaYus (Cope) 

HylagBulodOD augulatns Sbiclalr 

MtlHIDA. 

PaclculuB c locktngtoDlanUB (Cope) 

PadculuB Inaolltut Cope 

PerDtnyaeus nematodOD (CopPi ■ 

PeromyacuB parvus Slnctalr... 

« See Uattbew. Bull. Am. Hub. Nat 
1 Madiaon VaUey, Monta 
c Belated to Dlpodldie ai 
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CBNOZOIC MAMMAL HORIZONS 
TTFPXB OLXOOCENB— Continued. 



PaleeoUgiw agBpetlUi — -, - 

PBlEH>lagUB intenii«dlui Juttbew. 



111. Cope... 
II ui Uattb 



PtOUS SODACTYLA. 

lt¥KAC:UDONTm«. 

Hyracodon sp. div 

RBlNOCEKOmi*. 

Gfenapua trldactrlos Osboni 

CsnopuB plAtyoephaLua O. ajJd W 

T Cffinopus pacldtuB Leldy 

t CffinopustniqulanuaCope 

I CBnopus luhfler Cope 

Dicemtbertum armtitum Hariti 

Diceratharinm naniun Marsh 



MMohlppuB lirBchvHtj'lua Osbo 
Uefiotalppofl acatlaoifl Stnclalr . 
•- •■ ■ (Cope).... 

Alu (Cop.. 

lB(Copo)... 



rr^ COUdOld (Laldf) . . . 

Mlohlppu" valldiiB Osborn 



HlafalpiHU ai 

Wtdilppiucc 



CHAL] COTHKKnD.S. 

1") oragonensls Leidy . . 



BoSctnerus huin< 



Elotberlum ('>Ei 



A RTI OD A C TTL A . 



-Ent«l<Mlonl Imperstor Leidr . . 
■ "---■--loiDoflJMnst'" 



J) ctAageat Leidy 

-Enielodon) ? orassus Marsh. 

= EDCelDdDn)bathrodan Marsh 

Elothertnin (- En telodon) ap. 

"This and Che three following apeclea mav be referable to Dicerathtrit 
b Duodon Cope, lg7S, Boocharvs Cope, 1870, uid DiaOhlfat Peterson 
one and the samfl genos, dlatlngulabed Irom EloiheHam by alight 



. 1906, quite probably refar to 
developmeiit ol chin bossea, 
iior ohwjgoB in the promolftrs. 
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OF WESTERN NORTH AHEBICA. 

TTPPSB OUdOCBKB— Continued. 



AHTIODACmiA-Continuad. 

l — TAH/iMVlDM}. 



PerchceniB robustus <If>rsh) . . 
Percbcerai prlstlous (Leldyi . . . 

Peichcenu soclslls (Mknfa) 

Percbterus leatiu (Uanli} 



Parcbcenu nxtratiu (Cope) 

Perchtenis trtclueaiu (Cope) ... 
P PerchCBnu platyopa {Ci>pa>... 
FerohfBnia osmontl (Bbiclalr) . . 
CbteaotiyDg d«ced«ii8 Cope 



Leptocbcerus sp.. 



Xmtotberiiun Bcridens Dou 



AgriochiEnn major Leidy. 

AgriochiEniB BUidryl (O. and W 
AgriochiEruB mtgrans (Marah) . . 
Agriocblenu feroi (Cope) 



(Cope 



EpoiMdon (•- EucTotapbas) leptacaDtbos (Cope) . . 
Bporeodon (T— Euerotapbua) padflc^as (Conn) 

Eporeodoa ('=- Euerotapbua) trlgoDocepbi . 

Eporaodou (7— Eucrotaphos) lonkflroaa (Cope) 

Eporeodon < 7— Euerotapbua) major (L«Idy) 

Epoieodou (T-Eucrotaphua) cedrenels Uatlhew. 

Eporeodon (T— Eocrotapbus) socialis Uanb 

EncrotapbuB )ack«onl I.e)dr 

PromerycocboeruB laperbiu (Leldy) 

Promerycochffinia macrosUfui (Cope) 

ProDierycoohierua cbdydra (Cope) 

Promorycocbffinia Wflyl (Bottany) . 



ir Douglasa. 



HlPEBTBAQUUDA. 



Frotoraras celer Marab 

Protoceraa comptne Uarsh 



ParatylDpUB stembeivf (Cope) . . 
FaratylopuB cameloldaa (Wortn 
FseudolabtB dakotensla Uattben 
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CENOZOIC MAMMAL HOBTZONS 
Baj^e of Oligocene g«ner&. 





Lower. 


Mld<]le. 


Upi 


John 


""""""■'■ 












» 


' 










1 


' 












CARNIVORA (rUSiriDIA). 






^ , 


i 


, 














































































1 


T 


















» 


3 


1 






















3 












- — ■ 










6 


f 






















i 












1 




^■^^^Ui^i;;:;::::;::: 












Chrysochloridffi.- 






* 












—*■ 






2 


1 


2 




» 


. 


^ 




















> 


2 






















































— T 








































3 











,1,1.1, Go.ogle 



OF WESTEBN NOETH AMERICA. 
BMage of Olifocene genera— Continued. 
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CENOZOIC MANUAL HORIZONS 
LOWBB MIOOKNB. 

Abikabee formation (IM pabt). 
Promerycoehteru* zone. 



First phase— Harrison. 






Second phase 






5. Canyon Feny, UonUnik 




2! Upper H&rriaon. NebnAa. 




CAKNTVOBA. 




1. 2. i. 


Cismx. 






s;Kr.T,srK 
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Nothocyon anoecteni Peter- 
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Uasocyon robustus Matthew 


■sir- """"■ 










T BrachypBsllB simpHcldens 












OBgobimiB tepldus Matlbew.... 

MigallctlsferoiUattbew 

^urocyonbnvUacieg PetaniOD. 







sectator Uatthew I 



insectivora. 



II Arct«ryct«a terTeDLuUfttthBir..| 
RODENTIA. 



BuhapiilH bracbycepa Peter- 



Steoeoaheralinpllcldena Ilat- 
StetieoBber sduroldes ifat- 
ochyceps Mat- 



Entoptychus form osub 1 
Entoptycbiu curtu> J 



tomiosua Hattbewj 



HETEROUYIDf . 
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OF WESTERN NORTH AMERICA. 

LOTBIt MIOOENE— Continued. 

BODBNTIA-CoDtlnuBd. 



LepuB prImlgailDa Mattbew 
Lepua macTticepbaJua Mat' 



DIceratlierlum ct 
Dlceratbeilum c 



Lepue macrocacibiilua Uattbsw. 



PBRISSODACmiA . 

ItHinOCEROT! DX. 

I I I II 7 Dlcentberliun Bp.. 






ParablppUB aS. ccenldena 

ParatilppUB Bp 

Pftrahippiis Bp 

Auobl taerlum sp 

""loblp^na aanecteDS 



Chaucothebiids. 

I I l| Moropns ? etatus Uarab 

rablppuBnebraBCetulB Peter- 



'Mlohlppnfl equloepB Cope" 

ARTI OD ACTTTiA. 

ELOTHESnUA (=EHTEL0I>ONTn>2) . 

mnohraahoUandl Petenoa.i l x l I I || 
Rlotbeiium sp I \x \ I X | |l 



D«iiiiBtbyuBBiouxea8tB(Pe- | 



':l Ixl"! 



HeKireodoD ohalODyi Scott . 
UesoreodOD Inteimedlue 

UcsoreodoQ megalodaD Fe- 

Mesoreodon T latldcoB Ooug- 



Eporeodon sp. div 

Pronierycoeh(E»u« carti 

PetetaOQ 

PromeryeoctnErua van 

aeleiiBis Peteraoa 

PromerycochcErofl ap. dl 
ProtneiTCOGhceruB bate 

Douglaaa - 

FromerycwhuBTUB grai 

DouglsBa 

PromerycochfKniH ba\h 

DougUHs, 



=Aqbiocq(£eiiiX) . 
UeiycochceruB proi 
Uerycochrems niat 
HeryoootwETua ap . 
ItBTfChyua arenarum Cope . . 



"MeryctifUBeKgansLeldf" 
■■Merychyua" harrlaooenalB 

Leptauchenia sp 

Leptaucbenla decora Leldj. 
Leptauchenla major Leldy. 
Leptaucheula nltlda Leldf. 

a " Headwat«iB 01 Xiobraia RIvFr, nonr Fort Lanunle." 

B Sweetwater River, Wyoming. 

' SpeclOc ralenDce probably ecronmufl. eenertp reference . 

TheiyplB*! Mtrycliguiltlntm the upper Miocene, theakullBt 

conalderaUy more speclallied than iti snylrom the lower Miocene and altbough unknown lu u 
MIoeene apeclea la presumably still more apeciallEed. The species (rom tbie early phase ol tl 
Miocene have in general more brachydoot molars, and it may prove necBBsary to separate thei 



of tbla and tbe following epectea di 
U structure in the middle Hioceae s[ 



66092- Bull. 361—09- 



.„Googk' 



CEKOZOIC MAMMAXi HORIZONS 

LOWEB HIOOEmE—Continued. 
ARTIOD ACTT L A— Con« □ ned . 



" FoSbrotherlum sp." 

SMdomylua gr»clDa Peter- 

Srndrowraj eoold Barbour. 
Hvpertrsgiilui ordl n a t u b 

MfttthBw 

Hypertragulns "caJcaratus 



1. Deep Rivet (Smltb Blve 

2. Pawnee Creek, Dortheas 

3. FItDt Creak, Uoatana: ? 
*. MascBll, Oregon. 



cabnttoba. 

Canidc 

TephrocyoD runa.riB Iferrlam. 
Cynaretiis aaMtUie Uattbew... 
Amphicyon einapiUB Matthew. . 

-TanlB'^ancepsBcoU 

'Canis" cr. Umeratius Leidy... 

TCyon aut Irticyon ip '.'.\ 

MDSTEIJDf. 

MaslaU parvUoba Cope 

HUBtela ogyela UaCthew 

PotamotbeHiim lycopntami- 

PseudeeluruB ?intrepldus LeLdy. 

INSECTIVORA. 

Talpiij*. 

Talpa plfttybractyB Douglass . . 

RODBNTIA. 



HVPEBTRAGUUPf ■ 



(11 EETCODONTINf > . 

[I BlABtomeryi advena Uattbew. . I 



<n 



HIDDI.B MIOCBNE. 

Dbef River sEQVBttcE. 
TicholeptuM zone. 



a Blue Creek, Neb 



MylagauluB IxvIb Mattbew 

Uylo^ulua p&nleaaig Matthew . 1 

UeaogauluBballensis Riggs [ > 

Ceratogaiilus rhlnooerua Mat- 
thew ' 

GSOHTIDA. 

Qeomys ap.o.. 

EDENTATA. 
T MEOALOHTcain,e. 

proboscidba. 

Elbpbantip*. 
Trllophodon <=OoinphotherJ- I 

um) proa TUB (Cope) 

Trllophodon {=Gonipliotheri- 

uin) liravioeps (Copei | >. 

PEBI 8 8 OI> ACTTL A . 

BHtNOCEBOTma. 

Cffinopua perslatena Osboni 

AphelppB TDQgalodua Cope...-..' 
Aphelopa p roTec tiiij<Malthe>.).. 

Aphelopa pianiCBps Oahorn 

T ApheLopB DiegonenslB (llarsb) . i 

T Aphelopa sp , , 

Teleoceras medieomutus Os- 

iled wllh Ciiclopiditi!. 
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OF WESTERN NOETH AMERICA. 



KIDDIiB mOCBNB— Continued. 



PEKISSODACTYl^A— Con. 



Merychlppui seiuocliia (Cnpe) . . 
UeryclilppuB labroBus (Cope) . . . 
Merjchlppua laoDesua (Copel . . . 
Merr'ililppas paolBOSiB (Copei . . 
Hei7cbi[^ti> BpbBDodns (Copei . 
Meiycb^pui Mnmu (Cope) ■ . . 
tlciTdiQ^nia csmpMtiu Cfldley. 

Hypotaippiu sqnlnua BcoU 

HypobippuB oabornl Oldlqy 

BypohtppuB ip 

FBialilppuB crenliJens (Scottl... 
ParahEtipiis brevldena <UaiBh}.. 

PtiBblppuB avua (Mftrali) 

Pantblppus pawnlensla Qldley. . 
FanhlppuacolomdenslaQldley. 
Arcbeohlppiu uttlmUB |Cope).. 
Anshcolilppiia ap. div 



CHiUCOTHEttllD«. 

Motopus ap 

ARTIOD A CTYL A . 

DicOTiLiD*; {— TSCA88UII1*;; 
Besperhya vagrana Dougkaaa. 
Okeodontidx 



PiometycoclicBruB 



Prometyc 

<Copei 

iPTomerycochisnia oMiguldwia 

<Cope). 



ARTIOD ACTY LA— Con. 



TlcboleptiiB baanacl 

FoatnplMB p^udicoia Douglass. 
Hesoreodoii lonstnipB DouglaaB. 

Herychyns parioeonat Cope 

UeiTcbyiu snilttil DDDglaBs 

IfencbyuB sp. d[f 

GycfopldlnB (-Plthadataa) de- 

cedeua (Cope) 

Cycloptdiua (- PlttieclaiMl 

emydlnus Cope 

CyelopldluB (- Pichodates) 

slmuaCope 

Cyelopldiua (- PllbflclBtea) In- 



a longlceps ap. nov.n 

gustldena (Copa)'. 

EsldensCope 

LtuB(Marali) 



Mlolablt 
Alllcame 



PalEeomeryx boiealle Cope 

PalEBomeryi Bntlloplnna acott 

PalffomeiTi ap 

Blaatomeryx gemmlter Cope. . . 

AMm-OCAPBIDjE (Meetcodok- 



2. Little White Rivet. Soi 

3. Santa Fe, New Ueilco. 

4. ClarendOD, Teiaa. 

B. Uadieon Valley, Uonta 



UPPEB UIOCENE AKD PLOWBA PUOCBNB. 

Sbcond phase — Oqalaii^ formation 

Peracerat zone [doubtfully separable). 
1. Republican River. Kansas and Nebraalca, 
3. Anliei, Florida (Alacbna claya). 
3. Rattleanake. Ongon. 



I'rocamelui zone, 
-am ("Nebraaka form 
itb Dakota 



CAKNTVORA. 

CANIDf . 



i(Leldy).'.'.'.'.'."' 



7 .Slurodon oo.„r 

f 7£iurodoii byieaoideaC 

Arapbicyon ajoetlcanua Wuiiuiau 

r Dinocyon urMQUa (Cope) 

Dinijcyon mfeaodrtnus Hfltiiber 

Dinocyon gidleyl Matlhew 

Dinocyon OHBlltngua DouglBas 

' ■Canis " valer Leldy 

■■eaQi8"ieroBr»rtusLe(dy 

iaubjTOcyon byi^nodua Uattbew 

""P.nuratanm Douglass," Matthew.M 

Not P. montamu ot DouglasB. 
6 •■Procamelua rD6uslu7Leldy," Matthe 
' Including X. lazolde) Hatcber. 



lu. Nat. Hist., vol. 1, pt. 7, 1901, p. OS, &ga. 31-33. 
p, 427, Bg. 30. Not P. robtolui ot Leidy. 



CENOZOIC MAMMAL HOEIZONS 
HIOOBNE AND fLOWBS, PLIOOENX— Continued. 



C ABN I V ORA— <'^>i 



LeptarctUB piimui 1 



lor Dougluu 

LmbisDua (Copal 

PatamatbeFlum robustuin (Copei 



MfttUiew 

ih jpsalls pschycephalM Cope 

rEUniK.. 
itocoplBCope 



T llACbfBTodua maxii . . 

' 7 MHchiBrodiJB au^atua L^dy- 
TMachseroduBcrttsaidenaCnigL 
PMUdEcIurua Intrepid us Leldy. 



RODBNTIA. 



Sclurue arctomj'oideB DouelaBs 

PtUtearctomya maccorblnus Doiiglaa 



UyUgaulUB sesqulpedaUB Cope. . . 

Myl^aulUB monodon Cope 

Myla^ulua prlBtinuB Douglaas... 
Uylagaulus proilmua DousIbsb. ■ 
Mylagaulua panleDalB Uattnew. . 
EpLgaulua hatcberi Oldley 

aeomys blsulcatuB Matsh 



— Peromyacus) loiodon (Cope).. 



FaoobuE sanctiefldd Cope. . 



Trtlophodoti (-Gomphotbertom) productusCopo.. . 
Tiilophodon (— domphothenum) euhypodoD Cope. . . 
TtUophodon (-Qompholtienunl) campealerCope.. . 
TrlJoptt^don (—Goniphol benumb prEBCuraorCope. . . 
Trtlophodon (-aomptotberluin) nortdanus Leidy .. 

PERI 8 8 OD A C17L A . 



OF WESTERN NOBTH AMEBICA. 
U7FBB moOEirE AND t LOVEB FIitOOEHB— Continued. 



PERISSODACTY LA— ConU n uo 



Hypobippm Bflhfls Leldy 

HrfwhippuB BP 

Paratiippua cognalus Leldy 

Meiycbippus Inslgols Lt^ldy 

Morycliippua caUinarlua (Cope) 
FrotoUppUB mlnlrillB Leldy... 

ProtohJi^uB penUtns Lddy 

Erotoblf^ua pUolduB L^dy 

ProtoblppiH sapiemai L^j.. 



ProtohlppuB speetana (Cope). 
FrotobippuH paohyops Cope. 
Protohlppua caatitu tope . . . 
Protobippus profectUB Cope. 
Protohippiu aliDus Oidtoy. . . 




Neobipparion 

Neobipparion peni .... 

Neolii[^riaii ktitlinilaris (CopB). . . 

Neohfi^aHDD dollchopa OldlOT 

Neobit^ikm niobisnaM Oidlsy . . , 
NeoMi^Kulcm MucIbIiII Wortman... 

Neobii^nrioii letnuDin Cope. 

NeoblppttTloti ptincepa Leldy 

NeohtppariOD eury stylus (Cope)... 
NeobippadoD tngnnuiun (Leldy)... 

Naohipparlob rectidsna (Cope) 

Neohipparioa plicatlle (Leldy) 



ARTIOD A CTTL A . 



OREODONTIDf (> 



Pronomntheriim 



enopuB Scflit it Oebom. . 






Procamelus occidentalle Leldy 

Procamalus robustua Leidy 

racilla Leldy. .... 

. prebeneiliB (Cope)... 
lua leptogDatbuA Cope. . . . 

luenulor Leldy 

■ '---Leldy 



Procameliis mini . . 

FrocBmelusinlnlmuB Leldi ... 
■■ ■ la Dougle 



Procamelas 



pTocametus l&cuetrls DousIsbi 
Procamelus — '- 
ProtolBbIs I 

Protolabia seniB {uoiigiass) 

Fllsucbenla bumpbreysiaDa Cope 



Pllaucbenlit Bp. max 

a" Ptiaaehenta ftumpftrej 
preniolnrs more reduced, p. 



CENOZOIO MAMMAL HORIZONS 
UFPEB UOOBinB AKD fLOWXB FLIOOBNE-ContiDaed. 



ARTIODACXTLA— Continued. 



Falmomeryx un«rlcaDus Dougla aa 

Palfeomeryx tores (Cope) 

PBlfBomeryx trllftWrfllls <Cope)... 

BlaBtomeryit wellal Mattbew 



Merycodus furca.tii9 !L«dj) 



Range of Hiocene genera. 



IhB gBDUa ifl recorded, 



l'^i*So°aI 



'« been deacrtbed.] 
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OF WESTERN NORTH AMERICA. 

lUoi^ of Miocene genera — Continued. 



HODBNTU— coQtlnued. 



EylAf&uUde 

Hyisgaulua 



i)plnuli 

Oeomjlaee 

Entoptychus 



HetaroinyidsB 

Hetsromfid lodet 
I.eporld» - . 



Bhlnocerotidffl... 



Taplrldie... 

Taplrav 

Equlds. . 



Anchltherium 

Arcbeoblppus 

Hypohlppiia --■ . 

MeryolSppui 

FroMtilpplls {incl. 1 

Neohlppftilon 

CballoothBAdffl 

HoTopus 



lotberUd» <= EntKlodoDtldx).. 
ELoUierium (= En(«lodon) - - , 



Mcotylldffi (= Tflgasfli 



_ [IBUlJllS... 

ProBtlieiinapt 

HeqierhrB 

— J — ^j-, (= Agrtochcerldffi) . . 



'ncboleptua (incl. FoBtreplies] 

PiomttjcochtstOB 

Merycoui<eras 

Pionomotlieilum 

Loptauchenla 

C^ilopldliu 
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Il«iig« of KlooMia geneni — Continued. 
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Kiddle. 
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HIDDI^ FUOCBNB. 

Blanco forxation (Tbias) 
Olyptotherium zone. 



CAKNIVORA. 

Bideaa Cop«. 

MvsrmijD«. 
CaDlmsTteB ciinunEusI Cop«, 
PRLmx. 
FellablllAUUBCope. 

EDENTATA. 



lyptottieriuni tenftnum Oaborn. 
Mequiontchid*. 
U^slanyi lepioatoma Cope. 

MlLOPONTm^S. 

MyJodon ap. 



DLbeiodon mirlSc 
DIbelodon troplci 
DIbelodon prff^-unoi 



hotheriuin) ahepudll Leld;^ 

T Dlb«lodou humbokltij (ciivler). 

PE lUaSOD A( T Y LA . 

Equips. 

FUahlppog simplicidena (Cope). 
Protofiippua miriQtuB (Cone) (-phlegon (Hfty)>. 
Protoblppua cummlnBli (Copf). 
Nfiohlppurlon ap. 

AKTI on ACT YI^ , 

DlCOTYUDX ( — TAaABBiriDX). 

PlBt^gODUB bicalcaratua Cope. 
PlBtyKonuB teupue C Idley. 

CUIELIDA. 

PIlAixchenla aptitula Cope. 



la ap«Pl«9 should probably be referred to Dtbelodon. 
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